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1. INTRODUCTION 
A. Problem Setting 
In an age of accelerating change it is increasingly difficult for 
small governmental units to provide the level and quality of public 
services needed and demanded by the people. This age of change is 
stressed by the Advisory Commission on Intergovernmental Relations 
( 2 ,  p .  3 ) :  
We have become an urban nation, and growth is one of the facts 
of urban life—fostered by an increasing birth rate and declining 
death rate and the movement of people from farms to cities. 
Another fact of urban life is technological change that raises 
standards of living but often creates new challenges in provid­
ing such urban services as hospital facilities, air pollution 
control, water supply and transportation. 
The Commission (2, p. 3) adds: — -
In the face of these changes, existing methods of performing pub­
lic services must be continually appraised and modified to meet 
new circumstances. We know that we are going to have to build 
new sewers, water lines, highways, and transit, and we must pro­
vide adequate schools, a healthy environment and everything else 
necessary to meet the needs of urban populations. 
In recent years there has become an increased awareness that area-
wide planning is necessary for metropolitan regions, rather than just 
planning for individual cities and towns within the urbanized areas of 
the region. This has led to consideration of the need lor changing the 
geographical jurisdictions and powers of local governments in metropolitan 
regions. The Advisory Commission on Intergovernmental Relations (1, pp. 
12-17) has suggested four explanations why local governments are often un­
able to perform area-wide functions efficiently: (1) fragmentation and 
overlapping of governmental units, (2) disparities between tax and service 
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boundaries, (3) state constitutional and statutory restrictions, and (4) 
metropolitan areas' overlapping of state lines. 
Proposals for changes in governmental structure at the local level, 
which might result in more efficient local governments, have ranged from 
politically unrealistic proposals to more realistic piecemeal approaches. 
The Committee for Economic Development (14, p. 17), in recognizing that 
there are now about 80,000 local governments in the United States, has 
called for an 80 per cent reduction in the number of local governments. 
One of the most common proposals, yet one that appears to be politically 
unrealistic at present, is that of county reorganization by means of 
geographic consolidation. Apparently more realistic proposals involve the 
consolidation of functions across county lines (8, 22). 
Recent Iowa legislation illustrates the scope of enabling laws for at­
tacking area of multi-county problems. This enabling legislation included: 
CD The authorization of multi-county metropolitan planning commissions 
for the purpose of carrying out development studies and coordinating area 
development (33). 
(2) The establishment of multi-school district areas has been author­
ized for the purpose of operating area vocational schools and community 
colleges (30). 
(3) The consolidation of hospital services has been authorized for 
all Iowa counties having a population of 135,000 or more in which there 
is located a city having a population of 125,000 or more (32). 
(4) Permission has been given counties to join together to hire a 
county engineer and the engineer's staff (31). 
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In addition, in the fall of 1957, the governor of Iowa issued an 
executive order directing department heads to work with the state planning 
office in setting up 16 regional state government service centers. Six­
teen cities have been proposed as centers for these regions. Des Moines 
is the central city for one of the regions which includes Polk County and 
the seven counties contiguous to Polk County» This is the region with 
which the present study is concerned. In addition to making it more con­
venient for citizens to use services of branches of state government, the 
cities and counties in a region would be able to support public services 
that none could finance alone. 
The Iowa Citizen's Council on Crime and Delinquency has also called 
for a state operated regional jail system. 
The Central Iowa Regional Planning Commission (CIRPC) provides an 
example of one of the multi-county metropolitan planning commissions 
authorized by Chapter 473A of the 1966 Iowa Code. This Commission is a 
voluntary organization of representatives from a multi-county area concerned 
with the development of the eight county area centered around Des Moines, 
including Polk County. One of the primary objectives of the Commission 
will be to study the need for and development of facilities which will 
enable efficient provision of those public services that can be more ef­
ficiently provided through area-wide planning, rather than just planning 
at the individual county or town level. 
The size of multi-county region considered in this study is equivalent 
to Fox and Kuman's (22) functional economic area (FEA), or the area described by the 
approximate 50-mile commuting zone centered on a principal urban center. 
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More specifically, this study will be concerned with eight central Iowa 
counties (Polk, Boone, Story, Dallas, Jasper, Madison, Warren, and Marion) 
centered around Des Moines. One of the major problems facing this central 
Iowa region is the same as that previous discussed for multi-county 
metropolitan economic areas in general. That is, local planning alone is 
not effective in moving toward such regional goals as adequate water sup­
ply, good transportation system, adequate recreation facilities, and a 
healthy economy. 
Recognition of the need for area-wide planning is only the initial 
step. An additional problem is that of obtaining studies and projections 
for the region which will serve as a background for satisfactory regional 
planning and local decision-making. It is this problem area with which 
the objectives of this study are concerned. 
B. Objectives 
The general objective of this study is to develop a quantitative 
economic model as a basis for computer simulation of a multi-county de­
velopment region that will provide useful information and projections for 
use in planning public services. Friedmann (24, p. 70) makes clear the 
connection between public services and growth and development by stressing 
that inadequacies in essential urban services reduce a region's capacity 
for growth. Thus, the computer runs provide quantitative inputs in plan-' 
ning for regional growth and development. 
Specifically, the objectives of this study are: 
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(1) Develop procedures for determining the structural characteristics 
of a pilot-study multi-county region, i.e., the 8-county Des Moines metro­
politan region. 
(2) Develop procedures for a simulation model that is capable of 
generating economic and demographic projections at the multi-county level. 
(3) Develop procedures for projecting a region's economy and people 
under a variety of alternative assumptions. 
(4) Develop procedures for relating the particular projections, under 
alternative conditions, to the level and mix of required public services. 
C. Study Procedures 
Information concerning the demographic base and economic conditions 
in the pilot region is summarized in Chapter II. Procedures for deter­
mining the structural characteristics of the multi-county regional economy 
are presented within the context of input-output model analysis. In this 
case, a 17-sector model was prepared. National input-output coefficients 
were applied to the 1960 dollar outputs of the 17 sectors to obtain an 
interindustry transactions table, which provides a detailed representation 
of structural relationships in the region's economy. Final demand com­
ponents—net exports, household purchases, state-local government purchases, 
federal government purchases, and capital accumulation--also were developed. 
The second objective, development of a simulation model to project 
the regional economy under a variety of alternative assumptions, is dis­
cussed in Chapter IV. Because a dynamic model is needed to properly ac­
count for feedback and time-related relationships in the economy, a regional 
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economic model was developed in which economic and population growth are 
interdepend ent. 
Altogether, five major sectors—demographic, employment, output, 
final demand, and capital--are included in the simulation mo3el. The 
demographic sector accounts for population, deaths, births, and migration 
by age group. The employment sector accounts for labor-force participation 
rates by age group and output-employee ratios by industrial sector. An 
unemployment rate is derived in each simulation based upon the difference 
between the available labor and required labor force in each simulation. 
The output and final demand sectors are based upon the input-output model 
developed in Chapter III. The capital sector takes account of gross in­
vestment, depreciation, and changes in the capital stock. 
Computer simulation is the technique used in Chapter V to project 
the regional economy under a variety of alternative assumptions. With 1960 
as the base year, the regional economy is projected to 1980. The model 
generates projections for relevant economic and demographic variables, in­
cluding output by industrial sector and population by age group, under 
alternative assumptions regarding (1) birth rates, (2) labor-force 
participation rates, (3) exports, (4) productivity and (5) trends in house­
hold, state and local government, and federal government purchases. 
Chapter V also relates the regional projections to public service re­
quirements, including recreation, education, water supply, highways, police, 
fire, and health. 
Secondary data are used throughout the study. Relevant literature is 
reviewed by subject with each topic discussed. 
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II. STUDY REGION 
A. Selection 
As discussed by Nourse (57, pp. 129-136) and Meyer (51. pp. 21-26), 
regions are defined at both the sub-state and multi-state levels. This 
study is concerned with a metropolitan or sub-state region as defined by 
the functional integration approach, namely that the area around some 
central urban place should be called a region. 
The metropolitan region considered in this study geographically ex­
tends as far as the central city exerts a dominant influence. Thus, a 
metropolitan region as defined in this study is not to be confused with 
the more limited definition often used by city planners which refers only 
to the urban center and its immediate high density periphery (12, p. 128). 
In discussing the dominance of a central city over its hinterland, 
Chapin (12, p. 129) states: 
A city is defined as dominant when it occupies a controlling 
economic position in relation to all other communities in the 
surrounding region, particularly in such functions as services 
and wholesaling and in its capacity to attract industrial de­
velopment. A dominant city exerts a strong influence over what 
types of economic activity develop in the immediate hinterland. 
The region selected for this study provides an excellent example of 
an urbanized agricultural region. The study region consists of eight 
counties centered on Des Moines.^ This region is an agricultural region 
that contains 13 urban places, in addition to Des Moines, with a population 
^See Appendix A for a discussion of the geographic location of the 
study region in relation to the Midwest and the state of Iowa. 
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of 2,500 or more. Des Moines clearly has a controlling economic position 
in relation to these and smaller urban communities in its immediate hinter­
land. In addition. Des Moines influences the non-urbanized portions of 
the region through interaction between agriculture and the non-farm economy. 
The study-region is a multi-county metropolitan region that can bene­
fit from area-wide planning in the provision of public services. Recog­
nition of the need for area-wide planning for the development of this 
eight-county region has led to the establishment of a planning commission 
for that purpose. This planning commission has already initiated a system 
to-gather information and data for more adequate planning. In addition, 
by executive order of the governor of Iowa, this eight county region is 
one of 16 regions in Iowa that is designated to have a regional state 
government service center. 
Thus, the Des Moines metropolitan region provides an excellent pilot-
study region for which to develop a simulation model that is capable of 
providing a regional planning group with useful information and projections 
in planning for the growth and development of metropolitan regions. 
B. Summary Profile of Region's People and Economy! 
The study region had a population of 452,094 in 1950, which was 16.8 
per cent of Iowa's total population. The region's rate of population 
growth from 1950 to 1960 (12.4 per cent) was over twice as great as for the 
state (5.2 per cent). Only two counties (Polk and Warren) in the eight-
^See Appendix A for a more detailed discussion of regional demographic 
and economic variables. 
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county region experienced net in-migration from 1950 to 1960. In 1960, 
72.3 per cent of the region's population was urban, which represented a 
20.5 per cent increase in urbanization over 1950. From 1950 to 1960 the 
region showed an increase in the per cent of people under 18 years of age 
and 65 years and over, while the 18 to 64 year age group showed a percentage 
decline. 
The region experienced relatively low levels of unemployment in both 
1950 and 1960. In addition to increases in median family income, there 
has been an improvement in the distribution of incomes. Between 1950 and 
I960, there was a substantial decrease in the number of families in the 
low income brackets. 
The most important change in the region's economy has been with 
respect to shifts in its employment structure. The introduction of im­
proved farm technology has resulted in a substitution of capital for labor 
in agriculture. The net result has been a 32 per cent decline in agricul­
tural employment from 1950 to 1960 and a 25 per cent reduction in number 
of farms from 1954 to 1964. The decline in employment in agriculture has 
been more than offset by employment increases for most manufacturing and 
"service" industries. The "service" industries have especially experienced 
high increases in employment. 
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III. THE DEVELOPMENT OF AN INPUT-OUTPUT TABLE 
APPLICABLE TO THE CENTRAL IOWA ECONOMY 
A. Objective 
The objective of this chapter is to develop an input-output model 
for the aggregate regional economy in 1960. Input-output analysis involves 
the concept of economic interdependence, that is the linkages between sec­
tors. The problem of estimating this interdependence is one of determin­
ing the amount of inputs required from each industry to produce one dollars 
worth of output in a given industry. Alternatively, the problem may be 
stated as one of determining the distribution of an industry's output 
among other industries and among final demand sectors (government, house­
holds, etc.). 
The development of an input-output model at this stage servas two 
purposes. First, the interindustry transactions table provides an under­
standing of structural relationships in the region's economy. Secondly, 
the information generated in this chapter will provide the basis for de­
veloping the output and final demand sectors in the simulation model pre­
sented in Chapter IV. 
Before developing the input-output model, a brief review of the liter­
ature on uses and limitations of input-output analysis is presented, with, 
special emphasis on sub-state applications. 
B. Uses and Limitations of Input-Output Analysis 
Input-output or interindustry transactions accounts belong to a general 
class of tools of economic analysis known as social accounting systems. In 
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addition to input-output, four other types of social accounting systems 
can be identified, namely, (1) income and product accounts, (2) money-flow 
accounts, (3) national balance sheets, and (4) balance-of-payments accounts. 
In comparing input-output with national income and money-flow accounts, 
Sigel (60, pp. 253-289) stresses that the three systems present different 
perspectives of the economy and no one of them presents a complete picture. 
Income and product accounts are designed to deal with current productive 
activity and performance. Money-flow accounts focus on the financial re­
lations between the various parts of the economy. 
Input-output accounts are designed to determine the degree of economic 
interdependence among industries in an economy, i.e. they focus on the 
problem of interindustry relations at a production level. An input-output 
table shows how the output of each industry of the economy is allocated 
among other industries and sectors of the economy. It also indicates the 
inputs to each industry from other industries and sectors. Thus, the input-
output table is essentially a transactions table which is basically a system 
of double-entry bookkeeping. The values in the table are expressed in 
terms of dollar value to the producer. 
In 1936, Leontiff (44) presented the first input-output table (42 
sectors) for the United States. Government officials became interested 
enough in the input-output system to finance various input-output studies 
from 1949 to 1953 (40, p. 4). Freutel (23) was the first to apply~input-
output analysis to a strictly regional study when he made an interindustry 
study of the economy of the Eighth Federal Reserve district in 1952. In 
1953, Isard, Kavesh, and Kuenne (38) considered the use of input-output 
analysis to explain the economic interrelations within an urban-metropolitan 
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region. Since the early 1950's, there have been numerous regional input-
output studies at the multi-state, state, and sub-state levels. 
As the present study is concerned with a sub-state area, attention 
will be directed to examples of a few of the studies at a similar level. 
Input-output relations for the St. Louis metropolitan area were developed 
for 1955 (29, 9, pp. 369-387). Kirksey (40), in a 1959 study, used 
input-output analysis to measure the structural input relationships for 
the various industries in the Sabine-Neches area of Texas, with special 
emphasis on the interdependence of the area economy with the national 
economy. 
In a 1963 paper, Fox (21) stated the case for not permitting ourselves 
to be trapped by political boundaries and for setting up a system of social 
accounts and models on the bnsis of functional economic areas. As pointed 
out on page 3, a functional economic area (FEA) is the area described by 
the approximate 50-mile commuting zone centered on a principal urban cen­
ter, which is equivalent to the size of the multi-county area considered 
in this study» The criteria for delineating an FEA is summarized by Fox 
(21, p. 152) as follows: 
Home-to-work commuting patterns would be the most important single 
factor in delineating an FEA. A very high percentage of income 
produced by persons residing in the FEA would be produced at places 
of employment within its boundaries. A large part of the total 
income produced by area residents also would be consumed by them 
in. the forms of private goods and local government services or 
would take the form of construction activity on public and pri­
vate capital improvements. The remainder of income produced would 
take the forms of goods and services "exported" to other FEA's. 
More recently, Harmston and Lund (27) have advocated the use of 
input-output at an even smaller level than FEA's—the community economic 
system level. Harmston and Lund (27, p. 6) define a community economic 
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system as "a collection of activity, people, and producing units occupy­
ing a specific and recognizable geographic area, the members of which 
have common economic interests." One of the objectives of their work is 
to counteract the argument that interindustry techniques are useful only 
in the analysis of large regions. They claim to have been quite success­
ful in using these techniques in the analysis of an economy with less than 
15,000 inhabitants. Harmston and Lund (27, p. 104) recognize the limita­
tions of the input-output method and the need to use other types of models 
but it is their position "that the input-output framework is currently 
the most powerful model available to those who want to understand some­
thing of the inner working of a community economic system." 
Whether at the national, multi-state, state, or sub-state level, an 
input-output table is a very useful descriptive device as it records a 
large amount of information about the economy and the interrelations of 
its sectors. However, even when using input-output for descriptive pur­
poses alone, there are several problems involved. First, there is the 
data problem. There are two general approaches for obtaining the data 
needed to construct an input-output table. In one approach the interin­
dustry transactions are determined by collecting survey data in the study 
region. In the second approach, the output of the industries is obtained 
from census and other secondary data sources. Application of national 
input-out coefficients to output data permits the development of an inter­
industry transactions table.^ 
^An input-output or technical coefficient is the amount of inputs re­
quired from each industry to produce one dollar's worth of the output of 
a given industry. 
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The second approach was used in this study. Thus, an immediate 
criticism of the present study is that it did not make use of survey data 
(which, of course, are extremely costly to obtain). Another major criti­
cism of the present study is the use of national input-output coefficients. 
Barnard and Maki (6, p. 13) in considering the accuracy of the survey 
method as opposed to the use of national coefficients in allocating gross 
output, offer the following observations: 
While it is readily conceded that production technique differ 
among industrial sectors across the nation, the national input-
output tables are worked out within a set of consistent produc­
tion estimates, both with respect to definition and measurement. 
Thus, the secondary method provides a set of data developed in a 
comprehensive, consistent, and rigorously defined framework. Be­
cause of large differences in cost, and because the secondary 
data provide a point of departure, it is reasonable to suggest 
a research strategy that would require the use of both secondary 
data and national input-output coefficients, but supplemented by 
survey data for those sectors of the regional or area economy 
that differ' from the national pattern in production technique. 
In addition to the data problem there is the problem of choosing a 
set of industrial sectors. This problem area involves the concept of an 
industry. An industry may be thought of as composed of firms that produce 
similar goods and/or services. Thus, a grouping of firms into industries 
may be general or detailed depending upon the purpose of the study. With 
a detailed breakdown of industries, problems of overlapping may result 
when firms produce more than one product. The present study groups firms 
into 17 industry groups. 
As stressed by Isard (37, p. 327), when input-output is used for 
projection purposes, rather than just for descriptive purposes, a number 
of additional assumptions must be made. Probably the most highly criticized 
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assumption is that of constant input-output coefficients. This implies 
that the input mix used in the production of any commodity is fixed and, 
therefore, does not allow for substitution between factors. Technological 
advance and price changes make this assumption unrealistic if the analysis 
extends beyond short periods of time. Input-output analysis, of course, 
also assumes that no two commodities can be produced jointly. 
There is also the problem of whether to use a closed or open model. 
A closed model would be one in which it is assumed that constant coeffi­
cients do a reasonable job of explaining the output of all sectors of the 
economy. However, there are certain sectors in the economy which input-
output coefficients are believed to do a poor job of explaining output. 
These sectors include consumption by households, government demand, and ex­
ports. Since it does not appear sensible to attempt to explain these 
sectors with input-output analysis, open models have been developed which 
include a final demand for products of the various sectors which are unex­
plained within the model. In order to account for this final demand in 
the input-output model, exogenous or final demand sectors are introduced 
which consume but do not produce (17, p. 127). The present study uses an 
open model in that it contains endogenous or processing sectors (sectors 
whose outputs are explained by the model) and exogenous or final demand 
sectors (sectors whose levels of operations and requirements are not ex­
plained by the model). 
Co Interindustry Transactions Table 
The interindustry transactions table is presented as the 17 endogenous 
or processing sectors in Table III.3. The selection of 17 industrial sectors 
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for the present study was made on the assumption that the bulk of the re­
gion's output would be included in the major employment sectors. Employ­
ment in these 17 sectors in 1960 is given in terms of regional totals in 
Table III.l. If output per worker by sector is known, in addition to 
employment by sector, then total dollar output by sector can be deter­
mined. This is the technique used in-this study for determining total 
dollar output by most of the sectors. 
Problems arise in determining the dollar output per worker by sec­
tor. Most of the output per worker figures given in Table III.l are based 
upon state estimates by Barnard (4, p. 107) and Maki (47, p.- 30). Bar­
nard's output per worker figures are given for 1960 and can be used direct­
ly for sectors that are the same as those used in the current study. 
Maki's output per worker figures are given in 1954 but can be adjusted up­
ward to 1960, since he also gives annual rates of change (1954-1974) in 
output per worker based upon 1974 projections. Since these values are 
still in 1954 dollars, it was necessary to use price indexes to adjust them 
to 1960 dollars.^ It is not likely that state output per worker estimates 
correspond exactly with those for the area. However, it can be argued 
that they are rather close approximations. Economically, Iowa is a rather 
homogeneous state. In addition, the study area is composed of a large 
metropolitan center and eight counties, which is a composition that tends 
to repeat itself in other areas of the state which makes the area somewhat 
typical of the state. Area survey data needed to make adjustments in the 
^Wholesale price indexes of manufactured goods were used for adjust­
ing the data from 1954 to 1960 prices (68, pp. 351-353). 
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Table III.l. Output by sector, central Iowa, 1960 
Sector 
Area 
employ­
ment 
Output 
per 
worker 
(dollars) 
Total 
out­
put 
( $ 1 , 0 0 0 )  
Annual rate of 
change in pro­
duction per worker 
(per cent) 
(1) Agriculture 16,847 10,505^ 176,983 6.lb 
(2) Construction and 
mining 11,049 17,180^ 189,822 2.3^ 
( 3 )  Food and kindred 
products 5 , 8 6 9  42,771® 251,023 3.1^ 
(4) Textile products 774 1 0 , 6 1 6 %  8,217 3.lb 
(5) Printing and pub­
lishing 6,178 13,473^ 8 3 , 2 3 6  3.1^ 
( 6 )  Chemicals and 
allied products 7 3 6  49,747^ 36,614 3.1^ 
(7) Other nondurable 
goods 4,190 11,430® 4 7 , 8 9 2  3 . l b  
( S )  Furniture, and 
lumber and wood 
products 9 0 0  14,159® 1 2 , 7 4 3  3.lb 
^Derived from census data for the region, see Appendix B for derivation. 
^Judgement was used in determining the change in product per worker, 
since the sectors did not correspond exactly with sectors for which Maki 
and Barnard had derived estimates. 
^Source: Barnard's (4, p. 107) estimates at the state level. 
— ^Based upon state estimates by Maki (47, p. 30) and Barnard (4, 
p. 107). 
^Sectors were combined or broken down for which Maki (47, p. 30) had 
1954 estimates of output per worker. Appendix B describes how approxi­
mations of output per worker were determined when sectors were combined 
or broken down. 
^Source: Maki's (47, p. 30) estimates at state level for 1954 ad­
justed to 1950. 
Table III.l. "(Continued) 
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Sector 
Area Output Total 
employ- per out-
ment worker put 
(dollars) ($1,000) 
Annual rate of 
change in pro­
duction per worker 
(per cent) 
(9) Primary and fab­
ricated metals 2,847 
(10) Except electrical 5,852 
(11) Electric mach.; 
equip, and 
supplies 4,180 
(12) Other durable 
goods 2,508 
(13) Transportation 6,922 
(14) Communities and 
public utilities 5,538 
(15) Trade 34,400 
(16) Finance, Ins. 
and real estate 12,347 
(17) Services 41,865 
13,777^ 39,223 
21,507e 125,859 
10,880^ 45,478 
14,008^ 35,132 
13,851^ 95,877 
12,831^ 71,058 
5,817*^ 200,454 
3 0 , 9 9 6 C  3 8 2 , 7 0 8  
6 , 5 9 2 C  275,974 
3.3^ 
3.3C 
3.3^ 
3.3' 
2 . sr  
6.5C 
1.6"-
I.3C 
1.0^ 
state estimates would likely have eliminated the need to even use employ­
ment and output per worker data in arriving at output by sector. 
Several of the sectors used in this study did not correspond exactly 
with sectors used by Barnard and Maki. These sectors are indicated in 
Table III.l and the process of arriving at an approximate output per work­
er for these sectors is discussed in Appendix C. Output per worker in the 
agricultural sector was estimated directly from area data (see Appendix C). 
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Only the agricultural and manufacturing sectors are represented in 
terms of the total value of output. The remaining sectors are shown as 
margin industries', since the value of raw materials handled is not in­
cluded in the final value of output for these sectors. 
Determining the dollar output by sector is only half of the problem 
in developing an interindustry transactions table. There remains the 
problem of determining the distribution of an industry's output among 
other industries. Application of national input-output coefficients to 
the output data given in Table III.l permitted the development of an in­
terindustry transactions table. The national coefficients used in this 
study are those developed by McCarthy (49), who has presented a 33-sector 
version of the Commerce Department's 82-sector direct requirements table 
for 1958. (Direct requirements refers to direct purchases per dollar of 
output, i.e. a direct requirements table is a table of input-output coef-
f icients.) 
Problems connected with the use of constant input-output coefficients 
are discussed above; additional criticisms result when national coeffi­
cients are applied at the regional level. Shen refers to two criticisms: 
(1) possible difference between regional and national technology; and (2) 
possible differences between regional and national industrial composition. 
As stressed by Shen, (59, p. 113) without additional information, very 
little can be done about the first criticism. If adequate current survey 
data were available, the coefficients could be adjusted for regional dif­
ferences as well as brought up to date. However, for most of the sectors 
that compete in national markets, it is reasonable to assume that tech­
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nology is well defined. It is with respect to sectors that are oriented 
toward local markets that wide differences may exist between the region 
and the nation. For example, firms in the services sector may make wide 
use of resources that are uniquely abundant in the region. 
The second criticism is partially overcome by converting input-output 
codes to SIC codes and aggregating the coefficients for studies that do 
not require the detail of the national input-output model. As discussed 
above, McCarthy has aggregated the coefficients of the national 82-sector 
model into a 33-sector model. There still remained the problem of ag­
gregating these sectors into a 17 sector model for the present study. 
Some of the sectors in McCarthy's direct requirements table cor­
responded exactly with sectors used in this study. However, on several 
occasions it was necessary to combine sectors in McCarthy's table in 
order for them to correspond with sectors being used in this study. 
Combining sectors presented no major problem since it was only necessary 
to sum the production weighted coefficients for the sectors combined. 
Each of the sectors used in this study and McCarthy's direct require­
ments table are identified in terms of the Standard Industrial Classifi­
cation of industries in Table X.l of Appendix B. 
The input-output coefficients used in this study are given in Table 
111.2-.^ Technical coefficients may be expressed in monetary or physical 
•'"Nine coefficients were adjusted in Table III.2. It was necessary to 
adjust six coefficients downward because their size resulted in total in­
termediate output exceeding total gross output. The coefficients adjusted 
downward were: aq, (the coefficient in row 4, column 4); ag g; ag 2: and 
ag g. Three coefficients (aio,i; ^ 10,25 and a^g 5) were adjusted upward. 
These coefficients were adjusted upward because it was believed that agri­
culture, mining and construction, and printing and publishing in the region 
purchased larger amounts from the non-electrical machinery sector than in­
dicated by the national coefficients. 
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terms. In this study they are expressed in cents per dollar of direct 
purchases. With these coefficients, it is possible to calculate the change 
in the amount of direct purchases required from each producing industry 
as a result of an increase or decrease in the output of one or more of the 
purchasing industries. For example, assume constant technical coefficients 
and let the output of food and kindred products increase by $100. The 
purchases from other industries (direct inputs of food and kindred products) 
would be increased by the following amounts: 
Inputs from industry Would be increased by 
Agriculture $32.  99 
Construction and mining 0. 31 
Food and kindred products 16. 72 
Textile products 0. 23 
Printing and publishing 0. 22 
Chemicals and allied products 0. 71 
Other nondurable goods 0. 77 
Furniture, and lumber and wood products 0. 10 
Primary and fabricated metals 0. 99 
Machinery, except electrical 0, ,03 
Elect, mach., equipment, and supplies 0, ,06  
Other durable goods 0, .16 
Transportation 4, .24 
Communications and public utilities 0. 45 
Trade 3. 67 
Finance, insurance and real estate 0, ,98  
Services 3. ,21 
$ 65.  C
O 
22a 
The increase of $100 in the output of food and kindred products re­
quires a total increase in the value of direct inputs in food and kindred 
products of $65.84. 
Thus, if the-input coefficients are stable, or if they can be adjusted 
on the basis of new information, an average food and kindred products firm 
could tell in advance how much it would have to buy directly from each of 
the supplying industries when it added to its own production. 
The column totals in Table III.2 show that the amount of direct in­
puts from the 17' industrial sectors for a dollar's worth of output in a 
given industry varies from approximately 22 cents for trade to nearly 65. 
cents for other nondurable goods. 
The endogenous or processing portion of the input-output table 
(Table III.3) shows the industry sources of inputs from other industries 
and the disposition of the total value of output for a given industry to 
other industries in the region. For example, sector 1 (agriculture) pro­
duced $17 6,983,000 worth of output in 1960 of which $47,435,000 was utilized 
within the same sector and $82,812,000 was purchased by the food and kindred 
products sector. Purchases of agricultural output by other industries were 
much smaller ranging from $9,839,000 by finance, insurance, and real es­
tate to $4,000 by primary and fabricated metals. 
The total intermediate outputs column shows the amount of the gross 
output of each industry distributed among other industries in the region. 
For example, the agricultural sector sold $142,730,000 worth of its output 
to other industries in the area. As industries seldom distribute all or 
their output to other industrial sectors, it is necessary to consider final 
demand sectors to permit the full distribution of gross output. Final 
Table III.2. Direct purchases per dollar of output, central Iowa, 1960 
Sectors 1 2 3 4 5 6 7 8 9 
1 Agriculture .26802 .00283 .32990 .047 34 .00033 .00105 .02 324 .01602 .00011 
2 Const, and mining .01045 .02165 .00312 .00056 .00284 .00607 .20352 .00171 .05211 
3 Food and kindred prod. .06048 .00149 .16724 .00309 .00690 .02 090 .00835 .00460 .00248 
4 Textile products .00168 .00015 .002 31 .38384 .00150 .00221 .01815 .02093 .00163 
5 Print, and publish. .00028 .00028 .002 1  8  .0012 5 .132 58 .00321 .00414 -00308 , .00182 
6 Chemicals and allied .02455 .01992 .00712 .05056 .01497 .22960 .05430 .1988 .01352 
7 Other nondurable goods .00773 .02831 .00770 .00453 .05231 ,022 59 .18170 .03825 .01752 
8 Furn.5 lumber and wood 
products .00137 .02256 .00104 .00027 .00017 .00122 .01760 .16511 .00332 
9 Prim, and fab. metals .00078 .08687 .00990 .00054 .00096 .01146 .01424 .05222 .78798 
10 Mach. except elec. .05733 .08274 .00026 .00252 .01545 .007 39 .00232 .00574 .03415 
11 Elect, mach. and equip, 
supplies .0062 .02152 .00058 .00021 .00121 .00113 .00130 .002 06 .01645 
12 Other durable goods .00081 .06218 .00158 .00127 .00085 .00181 .00632 .01762 .04080 
13 Transportation .01631 .02838 .04236 .01775 .02386 .03322 .03607 .04188 .03310 
14 Comm. and pub. util. .00437 .00663 .00449 .00510 .007 31 .00351 .01411 .01004 .02 931 
15 Trade .03879 .07804 .03667 .03602 .02 501 .02920 .02413 .04849 .03499 
16 Fin.,ins..and real est. .052 01 .02 971 .00985 .01522 .04634 .01835 .01286 .01495 .01207 
17 Services .02261 .04044 .03212 .01404 .052 06 .05870 .02493 .01951 .0147 0 
Sum of coefficients .56820 .53371 .65842 .59311 .38465 .45162 .64728 .482 0  9  .49606 
Table III.2. (Continued) 
Sectors 10 11 12 
1 Agriculture .00019 .00025 .00037 
2 Const, and mining .00113 .00091 .0132 5 
3 Food and kindred prod. .00402 .00525 .00209 
4 Textile products .00129 .00164 .01179 
5 Print, and publish. .00135 .00156 .00155 
6 Chemicals and allied .00417 .0162 6 .01741 
7 Other nondurable goods .00460 .00687 .04559 
8 Furn.J lumber and wood 
products .00179 .00416 .00458 
9 Prim, and Cab. metals .02200 .04224 .13161 
10 Mach. except elec .  .12284 .02769 .02539 
11 Elect, mach. and equip, 
supplies .05165 .13273 .02720 
12 Other durable goods .01217 .00611 .24010 
13 Transportation .01766 .01977 .02 541 
14 Comm. and pub. util. .00577 .00488 .01177 
15 Trade .04092 .04269 .0337 0 
16 Fin.,ins. and real est. .01696 .01289 .01087 
17 Services .02086 .03442 .02683 
Sum of: coefficients .32937 .36032 .62951 
13 14 15 16 17 
.00115 
.03055 
.00434 
.00126 
.00302 
.00264 
.01844 
.00052 
.00130 
.00435 
.00466 
.002 6  9  
.067 05 
.00573 
.03040 
.05181 
. 042 04 
.27195 
.00006 
.08255 
,00135 
.00051 
.00505 
.00047 
' .01040 
.00010 
.00810 
.00041 
.00577 
.00209 
.01430 
.11708 
.01012 
.01491 
.027 40 
.30067 
.00024 
.00660 
.01068 
.00132 
.0037 9 
.00269 
.00588 
.00112 
.00085 
.002 57 
.00214 
.00196 
.01087 
.01680 
.01754 
.06958 
.06580 
.22043 
.02571 
.05599 
.00214 
.00118 
.0062 3 
.00157 
.00272 
.00021 
.00021 
.0012 6 
.00062 
.00027 
.00905 
.00537 
.01538 
.11429 
.03554 
.27779 
.00044 
.01026 
.00611 
.00368 
.07784 
.01423 
.00442 
.00014 
.00224 
.01539 
.01928 
.01368 
.0102 9 
.02  042 
.02795 
.05096 
.05995 
.34728 
Table 111.3. Central Iov;a input-output table, 1960 (in $1,000) 
Sectors 1 2 3 4 5 6 7 8 9 
1 Agriculture 47,435 537 82,812 389 27 38 1,113 2 04 4 
2 Const, and mining 1,849 4,110 783 5 236 222 9,747 22 2, 044 
3 Food and kindoprod. 10,704 283 41,981 25 574 765 340 59 97 
4 Textile prod. 2 97 28  580 3 ,154 125 81 869 267 64 
5 Print.and publish. 50 53 547 10 11,035 118 198 39 71 
6 Chemicals and allied 4,345 3 ,781 1 ,787 489 1 ,246 8 ,406 2,600 253 530 
7 Other nondu'r. goods 1,368 5,374 1,933 37 4,355 827 8,7 02 487 687 
8 Furn.J lumber and 
wood prod. 2 42 4,282 261 2 14 45 843 2 ,104 130 
9 Prim.and fab.metals 138 16,493 2 ,485 4 80 42 0 682 665 7, 37 3 
10 Mach.except elee. 10,148 15,7 07 65 21 1,286 270 111 73 1, 339 
11 Elec.mach. and 
equip.supplies 110 4,085 146 2 101 41 62 26 645 
12 Other durable goods 143 11,803 397 10 71 66 303 224 1, 600 
13 Transportation 2,887 5 ,387 10,633 146 1 ,986 1 ,216 1,727 534 1, 2 98 
14 Comm. and pub.util. 773 1 ,258 1 ,127 42 608 128 67 6 128 1, 150 
15 Trade 6,865 14,814 9 ,205 296 2 ,082 1 ,069 1,156 618 1, 372 
16 Fin., ins. and 
real est. 9,205 5,640 2,473 125 3 ,857 672 616 190 473 
17 Services 4,002 7 ,676 8 ,063 115 4,333 2 ,149 1 ,194 249 57 6 
Tot. intermed. inputs 100,561 ICI,311 165,278 4 ,872 32,016 16 ,533 30,939 6 ,142 19, 453 
18 Net imports — — 26,575 — — — — — — — 4,310 2 ,104 9, 806 
19 Payments to households 41,239 36,365 39,990 1 ,007 18,945 5 ,377 6,106 3 ,7 04 9, 151 
2 0 Payments to state and 
local govt. 13,071 756 1 ,292 20 392 418 139 166 147 
21 Payments to fed.govt. 13,735 1 ,379 3 ,410 77 1,770 1 ,603 464 627 666 
22 Capital consumption 8,377 23,436 41,053 2 ,2 41 30,113 12 ,683 5,934 — — 
Total gross outlays 176,983 189,822 251,023 8 ,217 83,236 36 ,614 47,892 12 ,743 39, 223 
Table III.3. (Continued) 
Sectors 10 11 12 13 14 15 16 17 •k 
1 Agriculture 24 11 13 111 4 48 9,839 121 142,730 
2 Const, and mining 142 41 465 2 ,929 5, 866 1, 323 21,428 2 ,831 54,043 
3 Food and kind, prod. 506 239 73 416 96 2, 141 838 1 ,686 60,823 
4 Textile prod. 162 74 414 121 36 265 444 1,015 7,996 
5 Print, and pul? h 170 71 54 289 359 760 2,384 21,482 37,690 
6 Chemicals and iied 52 5  739 612 253 33 539 601 3,927 30,666 
7 Other nondur. goods 57 9  312 1 ,602 1 ,768 739 1, 179 1,041 1,220 32,210 
8 Furn., lumber and wood prod. 225 189 161 50 7 224 80 39 8,898 
9  Prim.and fab. metals 2 ,769 1 ,921 4 ,624 125 576 170 80 618 39,223 
10 Mach. except elcc. 15 ,460 1 ,259 892 417 29 515 482 4,247 52,321 
11 Elec.mach.and equip.supplies 6 ,501 6 ,036 956 447 410 42 9 237 5,321 25,555 
12 Other durable goods 1 ,532 278 8 ,435 258 148 393 103 3,775 29,539 
13 Transportation 2 ,223 899 893 6 ,429 1, 016 2, 179 3,464 2 ,840 45,757 
14 Comm. and pub. util. 726 222 414 549 8, 319 3, 368 2 ,055 5 ,635 27,178 
15 Trade 5 ,150 1 ,941 1 ,184 2 ,915 719 3, 516 5,886 7,713 66,501 
16 Fin.,ins.and real estate 2 ,134 586 382 4 ,967 1, 059 13, 948 43,7 40 16,823 106,890 
17 Services 2 ,625 1 ,565 943 4 ,031 1, 947 13, 190 13,601 16,545 82,804 
*Total intermed. inputs 41 ,453 16 ,383 22 ,117 26 ,075 21, 363 44, 187 106,303 95,838 850,824 
18 Net imports 18 CO
 
12 ,279 2 ,810 25 ,887 - -- — — — — 
19 Payments to households 31 ,936 7 ,320 8 ,487 30 ,819 26, 
CO 00 CN 
118, 783 199,632 119,789 
20 Paymts.to state and local govt. 750 101 331 5 ,785 7, 818 9, Oil 41,212 7,802 
21 Payments to fed. govt. 3 ,316 426 1 ,387 4 ,181 3, 183 9, 876 3 ,664 5 ,658 
22 Capital consumption 29 ,525 8 ,969 3 ,130 12, 406 18, 597 31,897 46,887 
Total gross outlays 125,859 45,478 35,132 95,877 71,058 200,454 382,708 275,974 
Table III.3. (Continued) 
Sectors 
18 19 
1 Ag r 1 cu ]. tu re 21,848 
2 Const, and mining 
3 Food and kind. prod. 37,653 
4 Textile prod. 
5 Print, and publish 38,616 
6 Chemicals and allied 
7 Other nondur. goods 
8 Furn., lumber and wood prod. 
9 Prim, and fab. metals 
10 Mach. except elec. 
11 Elec. mach. and equip.supplies 
12 Other durable goods 
13 Transportation 
14 Comm. and pub. util. 15,633 
15 Trade 8,018 
16 Fin., ins. and real estate 160,737 
17 Services 35,877 
"Total intermed. inputs 
18 Net imports 
19 Payments to households 
2 0 Paymts. to state and local govt. 
21 Payments jto fed. govt. 
22 Capital Consumption 
12,137 
63,920 
151,387 
191 
3,8%9 
5 ,727 
10 ,222  
3,761 
8 , 2 1 2  
3 ,967 
30,705 
24,326 
125,822 
105,078 
128,334 
119,460 
3,854 
69,772 
70,297 
Total gross outlays 318,382 941,171 
Total final Total gross 
2 0 21 22 demand output 
268 34,253 176,983 
26,621 12,173 32,065 135,779 189,822 
1,160 — —  —  —  190,200 2 51,02 3 
20 —  —  10 221 8,217 
3,031 — — —  45,546 83,236 
221 ». — 5,948 36,614 
3,119 —• 2,341 15,682 47,892 
62 —  —  22 3,836 12,743 
—  —  — —  — — 
_ — 39,223 
8 ,992 — —  64,546 73,538 125,859 
1,040 —  —  10,671 19,923 45,47 8 
622 1 ,004 5 ,593 35,132 
5,180 3,663 10,572 50,120 95,877 
2 ,993 119 809 43,880 71,058 
78 35 —  133,953 200,454 
7,112 235 2,656 275,818 382,708 
27,907 1,052 193,170 275,974 
1 ,227,460 
9 ,899 23 31,164 263,196 
19,174 59,864 —  —  783,976 
19,373 9,010 —  —  121,448 
261 252 —  —  125,707 
—  —  —  —  —  —  
345,545 
137,133 86,426 155,860 3,718,165 
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demand sectors are discussed in a later section. 
For a given industry the value of inputs obtained from other indus­
tries may be found by reading down the column for that industry. For ex­
ample the agricultural sector obtains $47,435,000 worth of its total in­
puts from within the agricultural sector, while obtaining only $50,000 
worth of output from the printing and publishing sector. The total inter— 
mediate inputs row shows the total value of inputs obtained from the indus­
trial sectors by a given sector. For example, agriculture purchased 
$100,561,000 worth of inputs from the industrial sectors in the region. 
Most industries do not obtain all of their inputs from other industries 
in the area. Thus, there is a need to consider other sectors which will 
permit the full determination of input sources for industrial sectors. 
As the discussion indicates, the interindustry f1ows do not include 
the specific purchases of all outputs nor the specific sources of all in­
put purchases of a given industry. It is for these reasons that exogenous 
sectors must be included in the input-output model. 
D. Exogenous Sectors (Final Demand and Payments Sectors) 
The final demand sectors (18 through 22) are located on the right-
hand side of Table III.3 and include net exports, household purchases, 
state and local government purchases, federal government purchases, and 
capital formation. These sectors purchase industrial output and permit 
the full distribution of gross output. 
The payments sectors are located at the bottom of the input-output 
table and include net imports, payments to households, payments to state 
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and local governments, payments to the federal government, and capital 
consumption. These sectors provide^inputs for industries and permit the 
full determination of input sources for the 17 industrial "sectors. 
1. Net exports and imports 
Net exports and net imports were estimated through the use of loca­
tion and export quotients. This method was selected because it makes use 
of employment data that are readily available. A location quotient shows 
the ratio of the per cent of the labor force employed in given industry in 
a given area to the per cent of the labor force employed in the same in­
dustry in the nation (state or region) as a whole.^ A location quotient 
greater than unity for a particular industry means that the industry is a 
net exporter of the good or service produced. Likewise, a location quo­
tient less than unity means that the industry is a net importer in the 
study area, and a location quotient equal to 1 means that the industry is 
self-sufficient. 
Location quotients for the 17 industrial sectors used in this study 
were calculated using area employment relative to either national, Midwest 
region, or Iowa employment. Judgement was used in determining whether to 
compare area employment in a sector with national or Midwest region, or 
state employment. For example, area employment was compared with state 
employment for the services sector, as very few services would be exported 
from the area to outside of the state. In the case of the agriculture 
^For example, if 10 per cent of the labor force in the study area were 
employed in agriculture and if 5 per cent of the labor force of the United 
States were employed in agriculture, the location quotient for agriculture 
in the study area would be equal to 10 per cent divided by 5 per cent or 2. 
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sector area employment was compared with national employment since much 
of the corn, soybeans, cattle, and hogs produced in the region are ex­
ported to areas of the nation outside of Iowa. The location quotient 
figures are presented in Table III.4. 
Table III.4. Net exports and imports, central Iowa, 1960 
% of  % of Loca­ Export Value of 
Sector total total tion quo- Net ex- Net im­
employ­ employ­ quo­ tient ports ports 
ment ment tient ($1000)  ($1000)  
(area) (larger 
area^) 
1 Agriculture 9.4 6.6b 1 .42 .30  53,094 
2 Construction and mining 6.1  6 .9b .88 -.14 25, 57 5 
3 Food and kindred prod» 3.3  2 .8b 1 .18 .15 37,653 
4 Textile products .4 .4C 1 .00  0 - -
5 Print, and publishing 3.4  I.7C 2 .00 .50 41,618 
Ô Cham, and allied prod. 3.4  1 .3b 2 .62  .62  22,700 
7 Other nondurable goods 2.3  2 .50 .92 - .09  4, 310 
8 Furniture, and lumber .5 .7C .71 -.41 5, 225 
and wood prod. 
9 Pri. and fab. metals 1.6 2.0  .80 -.25 9, 806 
10 Except electrical 3.3  3 .8^ .87 -.15 18, 879 
11 Elec. mach.,equip, 
and supplies 
2.3  2 .9^ .79 - .27  12, 279 
12 Other durable goods 1.4 I.5C .93 - .08  2, 810 
13 Transportation 3.8  4 .8^ .79 -.27 25, 887 
14 Commun, and pub. util. 3.1 2.4C 1 .29  .22  15,633 
15 Trade 19.2 18.5^ 1 .04  .04 8,018 
1Ô Finance, ins. and real 
estate 
6.9  4.0% 1 .72 .42 160,737 
17 Services 23.2  20.2C 1 .15 .13 35,877 
"^Nation, midwest region, or state of Iowa as indicated by footnotes. 
^Nation 
'^lowa 
d 
Midwest region - Iowa and contiguous states. 
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Once location quotients are derived, it is possible to calculate ex­
port quotients for each industry. The export quotient is equal to the 
location quotient minus one divided by the location quotient (61, p. 8). 
For the above—example in which the location quotient was equal to 2 for 
agriculture, the export quotient would equal 
—2—— = — = .50 = 5 0%. 
In other words, 50 per cent of the workers in agriculture in the region 
are engaged in producing for export, i.e., 50 per cent of the area's out­
put in agriculture is exported in this example. Negative export quotients 
indicate net imports. Export quotients for the area are shown in Table 
III.4. 
The location quotient, as an indicator of the extent to which a re­
gion's industries are in balance, has the advantage of being based on 
readily available employment data. There are major limitations associated 
with the use of the location quotient to identify the export and import 
industries of a region. Isard (37, pp. 125-126) discusses four limitations: 
First, tastes and expenditure patterns (propensities to consume) 
of households of the same type and income differ among regions. 
Second, income levels of households differ among regions. 
Third, production practices (including labor productivity) differ 
among regions. Finally, and perhaps most important, industrial 
"mixes" vary considerably among regions. 
The minimum requirements approach represents an alternative method of 
determining exports. With this method the minimum per cent of regional 
employment in a particular industry among several regions is assumed to be 
required for local use; employment exceeding this minimum percentage is 
allocated for exports. 
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The value of net exports and net imports for the various industrial 
sectors are also presented in Table III.4. Seven of the region's indus­
trial sectors are net exporters, and nine sectors are net importers. For 
one industrial sector the value of its export sales equaled the value 
of the inputs it imported. The finance, insurance, and real estate sector 
is by far the largest net exporter, which verifies the fact that Des Moines 
is a major insurance center. The two largest net importing sectors are 
construction and mining and transportation. The total value for the net 
exporting sectors exceeded the total value for the net importing sectors 
by $269,559,000 in 1 9 6 0 . 1  
Net exports and imports have so far been considered only with respect 
to industrial sectors. Thus to say that the textile products sector is 
self sufficient means only that the value of the output this industrial 
sector sells outside of the region is the same as the value of the inputs 
that this sector imports. It does not mean that the area is not a net 
importer of textile products, which it obviously would be. The final de­
mand sectors can also import. Thus, households purchase textile products 
^To balance the input-output model (a process to be discussed later), 
the value of net exports was reduced for agriculture, printing arid publish­
ing, and chemicals and allied products. The reduction in net exports for 
chemicals and allied products was most severe but probably realistic. The 
higher per cent of employment for this sector in the region as compared to 
the United States would not likely lead to large exports, as indicated 
by the export quotient, due to the heavy use of fertilizer on farms in 
the region. Net imports for the furniture, lumber and wood products sec­
tor were also reduced in the process of balancing the input-output model. 
Using the input-output values of net exports and imports for the industrial 
sectors, the total value for the net exporting sectors exceeded the total 
value for the net importing sectors by $214,732,000. 
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other than those produced in the area. The input-output model does not 
designate the value of various types of imports for the final demand sec­
tors; rather they are given as lump sums. Table III.3 shows that net im­
ports for the final demand sectors were: household purchases—$119,460,000; 
state and local government purchases—$9,899,000; federal government pur­
chases—$23,000; and capital formation—$31,164,000.^ If these final de­
mand sectors show net imports, then the corresponding payments sectors 
can not show net exports. When exogenous as well as endogenous sectors 
are considered, the input-output model shows that the value of net exports 
exceeded the value of net imports by $55,186,000, 
2. Household purchases and payments to households 
Household purchases refer to the purchases of finished goods and 
services from regional industries and other sectors. Payments to house­
holds include the wages, salaries, interest, dividends, and other payments 
made to households by the purchasing industries and final demand sectors. 
Estimates for the household entries were obtained from the 1954 input-
output table developed for the state of Iowa by Barnard and Maki (6, 
/ 
pp. 17-25). Wholesale price indexes of manufacturing goods were used for 
adjusting the data from 1954 to 1960 prices (58, pp. 351-353). A farm 
price index was used to adjust purchases from and payments by the agri-
^ Estimates for these values were obtained from the 1954 input-output 
table developed for the state of Iowa by Barnard and Maki (6, pp. 17-25). 
The consumer price index was first used to adjust the values from 1954 
prices to 1960 prices (68, p. 351). The adjusted values were then divided 
by the 1960 Iowa population to obtain per capita terms. The per capita 
terms were then multiplied by the region's 1960 population to obtain the 
values used in the input-output model. 
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cultural sector (86, p. 9). The adjusted values were then divided by the 
1960 Iowa population to obtain per capita figures. The latter were then 
multiplied by the region's 1960 population to obtain the values used in 
the input-output table. 
There are several exceptions to this procedure in arriving at the 
entries for payments to households. The payment to households by the agri­
cultural sector is estimated as a residual. Capital consumption is esti­
mated as a residual for the remaining sectors; this procedure will be dis­
cussed further on. In the case of payments to households by the printing 
and publishing sector, the finance, insurance, and real estate sector, and 
the services sectors the total value of payments for the state in 1960 
were estimated and portions of these estimates were allocated to the re­
gion on the basis of regional employment relative to state employment in 
the sector. For example, the 1954 value of payments to households by the 
service sector for the state was adjusted to 1950 dollars. Then 20 per 
cent of this value was considered to be the region's share of payments to 
households for this sector because the region accounted for 20 per cent of 
the state employment in the services sector in 1960, 
In the process of balancing the input-output model, the value of house­
hold purchases (as derived for the area from the 1954 state input-output 
model) was reduced for the following sectors: textile products, chemical 
and allied products, other durable goods and trade.' Payments to household 
were reduced for three sectors: furniture, lumber, and wood products; pri­
mary and fabricated metals; and electrical machinery, equipment, and sup­
plies. Household purchases were increased for the services and food and 
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kindred products sectors. 
3. Purchases by and payments to state and local government 
State and local government purchases include the purchases made by 
the state government and area local governments from industries and other 
sectors of the region's economy. Utilities owned by municipal governments 
are included in sector 14 (communications and public utilities), if less 
than half of their current operating costs are covered by the sale of 
goods and services to the general public. Sector 17 (services) includes 
public education. 
Payments to the state government and area local governments include 
the amount of taxes, fees, fines, and so forth that are paid by the vari­
ous industries and sectors in the region. These taxes represent the value 
of government services to each of the industries and final demand sectors. 
The purchases of and payments to this sector were estimated in the 
same manner as indicated for the household sector. State and local govern­
ment purchases from the primary and fabricated metals industry were re­
duced in balancing the input-output model. The purchases of this sector 
were largest from the construction and mining sector and the services sec­
tor- In the exogenous sectors, state and local government purchased 
$19,17 4,000 worth of services from households. Other purchases from the 
exogenous sectors (imports of state and local government have already been 
discussed) include $19,373,000 from within the same sector and $261,000 
from the federal government. 
Payments to state and local government were largest from the finance, 
insurance, and real estate sector. Other relatively large sectors were 
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agriculture, trade, communications and public utilities, and services. 
In addition, the region's share of payments to state and local government 
by the federal government was $9,010,000. 
4. Purchases by and payments to federal government 
Purchases of and payments to the federal government basically include 
the same items as discussed above for state and local government. The 
procedure for arriving at the input-output table entries is again the same 
as that used for households and state and local government. 
Table III.3 shows that the federal government purchases output from 
only four of the 17 industrial sectors. The $12,17 3,000 worth of pur­
chases from the mining and construction accounted for the bulk of these 
purchases. Exogenous sectors were much more important with respect to 
federal government purchases- The federal government purchased $59,864,000 
worth of household services in the region in 1960. 
Agriculture, trade, and services were the industrial sectors showing 
the largest payments of taxes to the federal government. The $69,772,000 
of individual income tax payments to the federal government by households 
in the region was the largest source of payments for this sector. 
5. Capital formation and capital consumption 
Capital formation, as a final demand sector, refers to gross private 
capital accumulation, or the addition to inventories held by each of the 
industries and other sectors. Capital consumption, as a payments sector, 
refers to depreciation allowances, or the approximate cost of plant and 
equipment used up in the production of goods and services. 
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Capital formation and consumption were estimated as residuals. 
Residuals for each of the first 17 rows and columns in the input-output 
table can easily be determined. Within each industry in the endogenous 
portion of the table all receipts from sales are paid out for goods and 
services purchased from other industries or sectors. Thus, the receipts 
from all outputs (total gross output) just balance the payments to all 
factors of production (total gross outlay) for each industry. 
As total gross output for each sector-has already been determined, 
capital formation for each industrial sector is simply the difference be­
tween total gross output and value of sales to the other 21 sectors (17 
industrial plus the first four final demand sectors). Likewise, capital 
consumption for each industrial sector is the difference between total 
gross outlay (i.e., total gross output) and value of payments for inputs 
obtained from the other 21 sectors. 
The totals for the exogenous rows and columns do not need to be equal. 
For example, there is no reason to expect a balance between state and local 
government purchases and payments to state and local government. However, 
the individual differences in the exogenous sectors must cancel out so that 
for the entire regional economy total outlays equal total outputs. 
^ One exception to this has already been mentioned. Payments to house­
holds by the agricultural sector were estimated as a residual. For this 
reason it was necessary to estimate capital consumption by the agricultural 
sector in the same manner as most of the input-output table entries were 
made for the other payments and final demand sectors (see footnote 5). 
The other exceptions, net imports for capital formation in the region and 
capital consumption by households, were estimated in the same manner. 
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It can readily be seen that the derived residual values for capital 
formation and capital consumption will only be exact if the other compon­
ents were estimated without error. Since the other components of the in­
put-output model were not estimated without error, the capital formation 
and consumption estimates may be over- or under-estimated. 
Table III.3 shows that capital formation in 1960 was a major source 
of final demand for two sectors: machinery, except electrical and con­
struction and mining.^ Due to the nature of the outputs of the agricul­
tural, services, and food and kindred products sectors, none of their out­
puts enter into capital formation. Sectors showing relatively high capi­
tal consumption were: services; food and kindred products; finance, in­
surance, and real estate; printing and publishing; machinery, except 
2 
electrical; and construction and mining. With respect to the exogenous 
^This is consistent with Barnard's and Maki's (6) results in the 1954 
input-output model, in which capital formation consumed 50 per cent of the 
nonelectrical machinery sector and 69 per cent of the output of the con­
struction sector. This compares with 51 per cent and 24 per cent respec­
tively for nonelectrical machinery and construction plus mining in the 1960 
regional model. The 1954 model did not show capital consumption as con­
suming the output of any other industrial sectors. 
^Barnard and Maki (6) also estimated consumption as a residual in the 
1954 state input-output model. A comparison of capital consumption as a 
per cent of total gross outlay in the state and regional model shows some 
noticeable differences. The 1960 regional model showed that capital con­
sumption accounted for 34 per cent of total gross outlay for the chemical 
and allied products sector, while the state model showed only 3 per cent 
for this value. Other sectors in which the regional model showed capital 
consumption as a larger portion of total gross outlay than did the state 
model were sectors 2, 3, 7, 10, 11, and 15. The regional model showed 
capital consumption as a small portion of total gross outlay relative to 
the state model for sectors 9 and 12. 
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sectors, capital consumption by households Ci-e-, p?-rsonal saving) amounted 
to $70,297,000 in the region in 1960. 
6. Total f inal demand 
The total final demand column in Table III.3 shows the sum of the five 
final demand sectors for each industrial sector. Total final demand ac­
counted for relatively small portions of total output for the following 
sectors: primary and fabricated metals, textile products, agricultural 
products, chemicals and allied products, and other durable goods. Indus­
trial sectors which distributed a relatively high per cent of their out­
put to final demand sectors included: construction and mining; food and 
kindred products; trade, finance, insurance, and real estate, and services. 
In terms of absolute sales to the final demand sectors, five sectors 
dominated the region: finance, insurance, and real estate ($275,818,000), 
services ($193,170,000), food and kindred products ($190,2 00,000), mining 
and construction ($135,77 9,000), and trade ($133,953,000). Total final 
demand for all 17 industrial sectors in the region in 1960 was 
$1,227,460,000.  — .  
7. Total gross output and total gross outlay 
Total gross output for the industrial sectors ranged from $8,217,000 
for textile products to $382,708,000 for finance, insurance, and real es­
tate. Other relatively high gross output sectors were: services 
($275,974,000), food and kindred products ($251,023,000), trade 
($200,454,000), mining and construction ($189,822,000), agriculture 
($176,983,000), and machinery, except electrical ($125,859,000). Total 
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gross output for the combined 17 industrial sectors was $2,07 8,2 93,000 in 
1900. 
Although total gross output does not need to equal total gross outlay 
for the exogenous sector, the individual differences in the exogenous 
sectors must cancel out so that for the entire regional economy total out­
lays equal total outputs. For example net exports exceed net imports 
while payments to the federal government exceed federal government purchases. 
Total gross outlay for the exogenous sectors was $1,639,872,000, which 
was also equal to total gross output for these sectors. Thus, total gross 
output for the regional economy $3,178,165,000) was equal to total gross 
outlay for the regional economy. It must be stressed that total gross 
output is not the same as gross national (regional) product. GNP is de­
fined as the market value of all goods and services produced in the economy 
during a given time period. Every effort is made to eliminate double-
counting in computing GNP. However, in the input-output table, an attempt 
is made to measure all transactions, or as Miernyk states (52, p. 15) 
"...we deliberately doublecount." Miernyk (52, p. 15) summarizes the input-
output results of accounting for all transaction as follows: 
Since some goods will enter into more than one transaction, their 
value must be counted each time a different transaction takes 
place. What we have then is an accumulation of value added at each 
stage of the production process until a good gets into the hands 
of its final consumer. 
E. Direct and Indirect Requirements 
Table III.2 showed the direct purchases made by a given industry 
from all other industries for each dollar's worth of current output. 
However, the input-output coefficients in Table III.2 do not represent 
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the total addition to output as the result of a sale from an industrial 
sector to a final demand sector. An additional sale to a final demand 
sector by an industrial sector will lead to both direct and indirect in­
creases in the output of all industries in the processing section of the 
input-output model. For example, if there is an increase in the exports 
of agriculture, there will be direct increases in purchases from the chemi­
cals and allied products sector (as well as all other industrial sectors) 
for agricultural inputs. In addition, when the chemicals and allied prod­
ucts sector sells more )f its output to agriculture, the demand for the 
output of other industrial sectors by the chemical and allied products 
sector will increase. 
Thus, it is useful to construct a table which shows the direct and 
indirect effects of changes in final demand. In other words, we want to 
show the total expansion of output in all industries as the result of "a 
sale from a processing sector to a final demand sector. The interdependency 
coefficients for the central Iowa input-output model are shown in Table 
111.5.^ These coefficients relate a $1 change in final demand for the out­
put of a particular processing sector to the increased direct and indirect 
requirements in gross output of that sector. For example. Table III.5 
shows that a $1 increase in final demand for the output of the agricultural 
sector requires a $1.42 increase in the output of the agricultural sector. 
Continuing on down the agricultural column, the $1 increase in final demand 
^Table III.5 is the (I-A)"^matrix, where I is an identity matrix and 
A is the 17 x 17 matrix of input-output coefficients in Table III.2. 
Table III.5. Direct and indirect requirements per dollar of final demand, central Icwa, 1960 
Agriculture 
Selling 
industry 
1 
2 
3 
4 
5 
6 
7 
Purchasing indus try 
Const, and mining 
Food and kind. prod. 
Textile prod. 
Print.and publish. 
Chemicals and allied 
Other nondur.goods 
8 Furn.J lumber and 
wood prod. 
9 Prim.and fab.metals 
10 Mach. except elec. 
11 Elec. mach. and 
equip.supplies 
12 Other durable goods 
13 Transportation 
14 Comm. and pub. util. 
15 Trade 
16 Fin.,ins.and real est. 
17 Services 
1. 41964 0. 01316 0. 56564 0. 11693 0. 01288 0. 02 2  44 0. 05648 0. 03953 0. 00772 
0. 03051 1. 05067 0. 02565 0. 01387 0. 02 9  02 0. 02561 0. 27355 0. 02972 0. 08573 
0. 10727 0. 00851 1. 24580 0. 02 001 0. 01406 0. 03712 0. 02280 0. 014 02 0. 00817 
0. 00648 0. 00659 0. 00852 1. 62528 0. 00654 0. 00752 0. 04049 0. 04485 0. 00736 
0. 0077 4 0. 00935 0. 01168 0. 00833 1. 16165 0„ 0147 5 0. 01443 0. 01049 0. 00820 
0. 05215 0. 04099 0. 03602 0. 13326 0. 03260 1. 30688 0. 10567 0 .04578 0. 03254 
Oo 02127 0. 05201 0. 02 439 0. 01786 0.07950 0. 042 40 1. 24501 Do 06688 0. 03968 
0. 00434 0. 03133 0„ 00421 0. 00196 0. 00307 0. 00395 0. 03474 1. 20097 0. 00911 
0. 01238 0. 13783 0. 02344 0. 00741 0. 00950 0. 02566 0. 06433 0. 09022 1 .  25939 
0. 09900 0. 11231 0. 04385 0. 01692 0. 02721 0. 01902 0. 04036 0. 02052 0. 06286 
0. 01021 0. 04105 0. 00777 0. 00403 0. 00682 0. 00708 0. 01621 0. 00973 0. 03411 
0 .00843 
0 .03928 
0.01337 
0.07509 
0.10228 
0.09866 
0 .05137 
0 .02077 
0.10841 
0.06156 
0.00962 
0.07488 
0.01549 
0.08235 
0 .06752 
0 .00651 
0 .04302 
0.01469 
0.07579 
0.05156 
0.00730 
0 .03952 
0.01547 
0.04 310 
0.07696 
0.00964 
0.05571 
0.01159 
0.05269 
0.04640 
0.04003 
0.07203 
0 .03036 
0 .07352 
0 .05278 
0.03774 
0.06851 
0.02274 
0 .07880 
0.04308 
0.07787 
0 .05762 
0 .04799 
0 .06599 
0.03749 
0.05783 0 .07280 0 .07505 0 .04809 0 .08003 0 .09628 0 .07053 0 .04769 0 .04256 
Total 2.06727 1 .91737 2 .32188 2 .20552 1 .64523 1 .78474 2 .25332 1 .87127 1 .88439 
Table III.5. (Continued) 
Selling 
industry 
Purchas inç^ industry 
9 
10 
11  
12 
13 
14 
15 
16  
17 
Agriculture 
Const, and mining 
Food and kind. prod. 
Textile prod. 
Print, and publish. 
Chemicals and allied 
Other nondur. goods 
Furn.j lumber and 
wood prod. 
Prim, and fab. metals 
Mach. except elcc. 
Elec. macli. and 
equip, supplies 
Other durable goods 
Transportation 
Comm. and pub. 
Trade 
Fin.,ins. and real est. 
Services 
0. 00628 0. 00770 0. 01219 0. 00968 0. 00454 0. 01135 0. 04457 0. 01052 
0. 01139 0. 01371 0. 05751 0. 04691 0. 10566 0. 01851 0. 07100 0. 0252 6 
0. 00846 0. 01089 0. 00992 0. 00848 0. 00408 0. 01555 0. 007 08 0. 01183 
0. 0042 4 0. 00521 0. 03054 0. 00418 0. 00270 0. 00365 0. 00347 0. 00842 
0. 00637 0. 00835 0. 01066 0. 01027 0. 01148 0. 01277 0. 01348 0. 09876 
0. 012 05 0. 03033 0. 04855 0. 01007 0. 00796 0. 00813 0. 00868 0. 02691 
0. 01226 0. 01650 0. 08795 0. 02919 0. 02206 0. 01145 0. 00986 0. 01759 
0. 00383 0. 00715 0. 01233 0. 00286 0. 00384 0. 00233 0. 00272 0. 00181 
0. 04090 0. 06738 0. 23115 0. 01057 0. 02715 0. 00583 0. 01085 0. 01318 
1. 147 39 0. 04341 0. 05835 0. 01310 0. 01412 0. 00810 0. 01358 0. 02660 
0. 07146 1. 15957 0. 05368 0. 00993 0. 01333 0. 00597 0. 00538 0. 02801 
0. 02334 0. 01653 1. 33735 0. 01015 0. 01488 0. 00650 0. 00844 0. 02366 
0. 02912 0. 03349 0. 05831 1. 07899 0. 02561 0. 01745 0. 01770 0. 02188 
0. 01250 0. 01282 0. 03229 0. 01141 1. 13717 0. 02308 0. 01062 0. 02925 
0. 05847 0 .06231 0. 07454 0. 04409 0. 02703 1. 02696 0. 03035 0. 04382 
0. 03479 0. 03234 0. 04209 0. 07511 0. 03198 0. 09060 1. 14312 0. 08896 
1 .  52181 1. 58426 2. 22258 1. 43525 1. 49926 1. 34889 1 .  45441 1.  08405 
Total 1.52181 1.58426 2.22258 1.43525 1.49926 1.34889 1.45441 1.56051 
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results in a required increase of $0.03 from construction and mining, $0.11 
from food and kindred products, $0.01 from textile products, and so on. 
The total multiplier effect of a $1 increase in final demand for 
agricultural output is $2.06 (the sum of column 1). The food and kindred 
products sector has the largest multiplier effects on gross output in the 
central Iowa economy. The gross multiplier for this sector totals $2.32. 
Other sectors with relatively large gross multipliers include: other non­
durable goods ($2.25), other durable goods ($2.22), and textile products 
($2.20) .  
In economic planning it is often desirable to know the amounts of 
output required of all industries in the economy to satisfy certain levels 
of projected final demands. The industry outputs required to satisfy the 
projected levels of final demand can be found through use of the following: 
X = ( I  -  A)-1 .Z,  (3 .1)  
where X is the total output vector, (I - A)~^ is the intedependency or 
total requirements matrix, and Z is the final demand vector. This method 
is included in the simulation model developed in the following chapter. 
F. Evaluation of the Region's Input-Output Model 
The obvious weakness of the input-output model developed for the study 
region is the need for survey data to adjust the national coefficients. 
Survey data also are needed to check and to adjust the entries for the 
exogenous sectors which have been estimated from a state input-output 
table. Of course, even if the input-output table for 1960 developed in 
this study were completely accurate, there would constantly be a need to 
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update the table with, survey data. 
The input-output model developed in this study contains only 17 in­
dustrial sectors. Depending upon the purpose of developing an input-
output model, other studies might better utilize a more disaggregated 
, input-output model. 
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IV. CONSTRUCTION OF THE SIMULATION MODEL 
A. Characteristics of the Model 
Brennan (11, p. 10) has defined a model as "...a complete system of 
mathematical equations and the system may be as broad or as narrow as the 
problem being studied." Thus, the model must be developed in light of 
the objectives of the study. The primary objective of this study is to 
develop procedures for projecting region's economy and people under a 
variety of alternative assumptions with respect to certain variables in 
the model. The model developed to accomplish this objective contains be­
havioral as well as definitional equations. The variables used in the 
model in this study are systematic (those to which definite values can be 
assigned with certainty) and not random. The systematic variables used in 
the model include both endogenous variables (those explained by the model) 
and exogenous variables (those determined by forces outside the model). 
For this study, it was desired to develop a dynamic model to properly 
account for feedback and time-related relationships in the economy. Also, 
a model was desired that would not only provide predictions but also re­
flect the process of attaining predictions. For these reasons the tech­
nique of computer simulation was used in this study. 
1. Simulation 
John McLeod (50, p. 381) defines simulation as "...the development 
and use of models for the study of the dynamics of existing or hypothesized 
systems." McLeod considers the dynamics of the system to be that which 
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makes it worth simulating. Forrester (20, p. 18) defines simulation as 
"...a name often applied to this process of conducting experiments on a 
model instead of attempting the experiments with the real system." 
As indicated by Forrester (2 0, p. 18), simulation was developed 
during the 1950's "...in the design of air defense systems and in engineer 
work." In recent years simulation studies have become common in business. 
Forrester (20, p. 18) summarizes the use of simulation in business as 
follows: 
In business, simulation means setting up in a digital computer the 
conditions that describe company operations. On the basis of the 
descriptions and assumptions about the company, the computer then 
generates the resulting time charts of information concerning 
finance, manpower, product movement, and so on. Different manage­
ment policies and market assumptions can be tested to determine 
their effects on company success. 
The increasingly frequent mention of simulation in social science 
literature indicates the increased use of this' technique in recent years 
by social and behavioral scientists. With respect to economics, Orcutt 
(58, p. 101) states: 
From the revolution in computing technology of the last one or 
two decades, the simulation approach has emerged as a practical 
means of studying and using more nearly realistic models of 
economic systems. In fact it is the only known approach to the 
satisfactory study and use of any of the existing dynamic models 
of economic systems for which any pretense of realism can be 
claimed. 
Examples of the use of computer simulation in the study of economic 
problems are relatively abundant. Reference to these studies is confined 
to some applications of simulation at the firm, industry, and sub-economy 
level. 
Bonini (10) has described a simulation model of a hypothetical business 
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firm. Bonini's model was developed for the purpose of studying the effects 
of certain informational, organization, and environmental factors upon the 
decisions made in a business firm. 
A simulation model of a California range--feedlot operation was de­
veloped by Halter and Dean (25). An objective of their study was to 
"...demonstrate that computer simulation can be applied successfully and 
realistically in improving decisions made under uncertainty by farm opera­
tors and managers" (25, p. 2). Another study involving the use of simula­
tion in farm operation decisions was made by Zusman and Amiad (89). More 
specifically, their study "...attempts to determine the optimal organization 
and managerial policies of a farm operating under conditions of low and un­
stable rainfall" (89, p. 574)» 
An example of the use of computer simulation at the industry level is 
provided by a dynamic model of the livestock-meat economy developed by Crom 
and Maki (15). This model was used "...to trace out the effect on prices, 
slaughter, foreign trade, and January 1 livestock numbers resulting from 
an assumed change in Government or industry policy" (15, p. 73). 
The lumber industry on the United States Pacific Coast provides an 
example of another type of industry that has been studied by a simulation 
model. For this industry, Balderston and Hoggalt (3), simulated a market 
in which there were three sets of participants; manufacturers, wholesalers, 
and retailers. 
With respect to sub-economies, Maki, Suttor, and Barnard (48) have de­
veloped a simulation model for the purpose of analyzing economic growth in 
the state of Iowa. The model is used "...to generate a series of population, 
income and output variables in the context of state economic growth and 
48 
planning" (48, p. 815). 
Computer simulation has also been used in the study of economies of 
river basins. For example, in a study of the Susquehanna River Basin a 
dynamic model was used "...to make projections of population, employment, 
water use, pollution, and other factors" (26, p. 2). 
Both of these sub-economy studies are used to a great extent in de­
veloping the simulation model for the multi-county region considered in 
the present study. Both studies are more fully reviewed as the model used 
in the present study is developed. 
2. Economic and demographic interdependency 
Another strong consideration given to the development of the model 
in this study was to link economic growth and population growth. It is 
common to see independent methods of forecasting economic growth and popu­
lation growth with no recognition of the relationship between the two 
growth patterns. Lowry (45) has attempted to link the two "growth systems" 
by way of migration models. The Susquehanna River Basis study also con­
siders linkages between the demographic and economic sectors. In the Sus­
quehanna study, migration was also considered a key linkage between the two 
sectors. 
The demographic-economic linkages used in the Susquehanna study were 
basically included in the present model. Additional linkages between the 
demographic sector and the economic sector are provided by greatly altering 
the economic portion of the Susquehanna study model. In the Susquehanna 
study (45, p. H-1), the economic portion of the model is basically in terms 
of employment: 
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As presently constructed, the model might be called an employment 
model because economic activity is specified in terms of employ­
ment rather than variables such as income, value added, or output. 
The simulation model developed by Maki, Suttor, and Barnard (48) for 
the Iowa economy indicate ways of improving the economic portion of the 
Susquehanna model. This model directly emphasizes such economic variables 
as output and final demand, in addition to employment. This is accomplished 
by including input-output model relationships within the simulation model. 
Population changes can also be linked to changes in the level of some cate­
gories of final demand. 
3. A sectored model 
Figure IV.1 illustrates a model that is dynamic and capable of gener­
ating economic projections under alternative assumptions. The model accounts 
for feedback and time-related relationships in the economy. Figure IV.1 
also shows that the simulation model used in this study contains five sec­
tors: demographic, employment, output, final demand, and capital. Note 
that Figure IV.1 shows the area's economic and population growth will not 
be forecast independently; rather, growth in the two systems will be linked. 
Relevant economic variables for a multi-county region certainly in­
clude employment, output, final demand, capital stock, and income. These 
variables, except for income, are considered as separate sectors of the 
model. The reason for not including an income sector in the model is rc7 ' ' 
to another objective of the study, i.e., to make some inferences with re­
spect to required public services for the alternative projections. There-
•fore, this study was not directly concerned with the ability of the region 
to support public services. It appears that an income sector could be 
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kdded to the model without any major difficulty and such an addit on will 
be discussed in Section VI.F. 
B. Demographic Sector 
Formulation of the demographic sector of the model follow- very closely 
to the approach used in the Susquehanna River Basin study (26). The pur­
pose of a demographic sector is to account for changes in characteristics 
of the population which influence the economy. This is accomplished in 
the present study by accounting for population increases and decreases by 
age groups over time. 
To account for increases and decreases in population, it is necessary 
to consider birth rates, death rates, and migration. Population increases 
are caused by births and in-migration, and population decreases are caused 
by deaths and out-migration. The effect of these variables vary greatly 
with age. Thus, it is desirable to divide the population into age groups 
that are relatively homogeneous with respect to birth, death, and migra­
tion rates. For this reason six age groups were used in this study: 0-13, 
14-19, 20-24, 25-44, 45-64, and 65+. 
1. Birth rates 
The birth rate for each relevant age group was computed for 1960 by 
dividing the total number of live births in the area for females in the 
age group during that year by the total population in the age group. Birth 
rates, in terms of live births per 1,000 population, are given in Table IV.1 
for the four relevant age groups. 
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Simulations should take into account trends in birth rates, however 
it is difficult to predict the size and direction of these trends. Simu­
lations in Chapter V will be carried out under three alternative assump­
tions with respect to birth rates; (1) the 1950-1960 trend, (2) the 1960 
rate held constant, (3) the downward trend from 1960 to 1965. The 1950 to 
1960 trends are given in Table IV.1. 
2. Death rates 
Death rates, in terms of deaths per year per 1,000 population, are 
given in Table IV.2 for each of the age groups in 1960. The 1950-1960 
trends in death rates by age group were assumed to hold during- the simula­
tion period and are also given in Table IV.2. 
3. Migration 
Migration is a much more difficult variable to predict. Several studies 
have indicated that economic reasons are most important in causing people 
to move. Most of these studies, however, do not deal with migration by age 
group. A study of interstate population movements by Blanco (7) indicated 
that changes in the level of unemployment explained 85 per cent of the vari­
ation in civilian migration rates among states from 1950 to 1957- A survey 
of people who had moved by Lansing ^  al^. (42, pp. 119-125) indicated that 
59 per cent had moved strictly for economic and occupational reasons. Twenty-
nine per cent indicated that their most recent move in the last five years 
had been to find steadier work or a better job. 
In a study of migration to metropolitan areas, Lowry (45, p. 96) con­
cludes that net migration is a function of (1) "the size and composition 
of the resident population, which determine the amount of out-migration"; 
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Table IV.1. Birth rates per 1,00» copulation per year, by age group, 
central low». ;\uO& 
Age group r li rate^ Annual rate of change 
(1950-1960) 
14-19 sy.ih/y .0119 
2 0-24 123.V937 .027 5 
25-44 49.2155 .0059 
45-64 .1203 .0039 
^Sources: (34, pp. 24, 31-32; 35, pp. 6-55). 
^County data on live births were available on a total basis but not by 
age of mother. The percent of total live births by age of mother at the 
state level was used to •allocate area live births by age group. 
Table IV.2. Death rates per l,gOO population per year, by age group, 
central Iowa, 1960 
Age group Death rate^ Annual rate of change 
(1950-1960) 
0-13 2.2188 -.0285 
14-19 .8391 -.0007 
20-24 .8490 -.0133 
25-44 1.4827 -.0172 
45-64 9.2669 -.0076 
65+ 63.8866 -.0007 
^Sources: (34, pp. 51, 55-56; 35, pp. 6-15). 
^County data on deaths were available on a total basis but not by r.ge 
groups. The percent of total deaths by age group at the state level was 
used to allocate area deaths by age group. 
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and (2) "the availability of jobs and the level of wages (relative to other 
places in the system of migratory movements), which determine the amount of 
in-migration." 
An attempt to deal with migration by age group was carried out in the 
Susquehanna study (26, pp. F1-F28). The study used a sample of 79 state 
economic areas located in West Virginia, Ohio, Michigan, Maryland, and 
Pennsylvania and obtained reasonable regression results with the net migra-
- .tion rates as a function of population size and unemployment rate. 
Thus, for the study area it appeared reasonable to hypothesize migra­
tion as a function of the unemployment rate. Regression was the analytical 
technique used in testing this hypothesis. The first sample to be used in 
testing this hypothesis consisted of the 12 state economic areas in Iowa. 
The second sample consisted of 60 state economic areas in the Midwest. 
Table XII.1 in Appendix D lists the state economic areas used in the second 
sample. The migration data were based on a census survey in which a sample 
of individuals was asked in 1950 where they lived in 1955 (84, pp. 370-
386). If their place of residence had changed, they were counted as in-
migrants to their 1960 place of residence and as out-migrants from their 
1955 place of residence. 
As migration covered a five year period, it was desirable to use unem­
ployment data (82, pp. 103-113) covering the same five year period. How­
ever, unemployment data are not available between census years for state 
economic areas. Thus, the 1960 unemployment rate was used with the as­
sumption that it was typical of the unemployment rate from 1955 to 1960. 
The regression analysis considered several alternatives for explaining 
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the variation among state economic areas with respect to migration. 
Several of the alternatives are the same as those considered in the Susque­
hanna River Basin study. However, some of the alternatives represent ap­
proaches that go beyond those considered in the Susquehanna study. For ex­
ample, non-linear relationships between migration and unemployment were 
considered as well as linear relationships. The alternatives considered 
include net-migration, gross out-migration, gross in-migration, and various 
migration rates as functions of various combinations of independent variables 
such as the population for each age groups, the civilian labor force, the 
labor force for an age group, in addition to the unemployment rate. Some 
of the most important regression results are summarized in Tables XII.2 
through XII.12 of Appendix D. 
The regression analysis clearly points out that unemployment (or what 
we detect as unemployment, using given measures) is not a major determinant 
of migration in Iowa and the Midwest. When migration variables are con­
sidered as functions only of the unemployment rate, the value indicates 
that changes in the unemployment rate explain very little (less than 10 per 
cent) of the variation among state economic areas with respect to the mi­
gration variables. However, in some cases the T value for the regression 
coefficient associated with the unemployment rate is significantly differ­
ent from zero. When migration variables are considered as functions of 
one of the other independent variables (the population in an age group, 
civilian labor force, or labor force in an age group) plus the unemploy-
2 
ment rate, the R value increases substantially. 
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It was decided to use the following forms for age groups 14 to 19 
years and 2 0 to 24 years: 
li = ai + bi (U) + C3_ (ALP) 
0£ = a2 + b2 (U) + C2 (ALF), 
where 
th I^ = the number of in-migrants in the i age groups, 1955-1960; 
0^ = the number of out-migrants in the i""^ age group, 1955-1960; 
(ALF) = the labor force supplied by all age groups, 1960; 
U = the unemployment rate in 1960. 
Tables XII.9 and XII.10 in Appendix D show the regression analysis for 
these equations. 
For the 25 to 44 year age group the following forms were used: 
I3 = a^ + b3 (U) + C3 (P4) 
O4 = a^ + b4 (U) + c^ (P4.) 
where 
I3 = the number of in-migrants in the 2 5 to 44 year age group, 
1955-1960; 
= the number of out-migrants in the 2 5 to 44 year age group, 
1955-1960; 
P,, = the number of people in the region in the 25 to 44 year age 
group, 1960. 
Tables XII.7 and XII.8 in Appendix D give the regression results for these 
equations. 
An equation of the following form was used in determining the rate of 
net migration for the 45 to 64 year age group: 
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N5 1 
— = a5 + b5 (U) + CgC p^) 
where 
N5 = the number of people in-migrating less the number of people 
out-migrating for the 45 to 64 year age group, 1955-1960; 
Pg = the number of people in the region in the 45 to 64 year age 
group, 1960. 
Table XII.12 in Appendix D gives the regression results for this equation. 
The following form was used in determining net migration for the 65 
years and over age group: 
Ng " a Ng = âg - bg (U) - Cg (ALF)g, 
where: 
Ng = the number of people in-migrating less the number of people out-
migrating for the 65 years and over age group, 1955-1960; 
(ALF)g = the labor force supplied by the 65 years and over age group, 
1960. 
Table XII.11 in Appendix D shows the regression results for this form of 
equation. 
The number of net migrants for the 14 to 19, 20 to 24, and 25 to 44 
year age groups are found by simply subtracting the number of out-migrants 
from the number of in-migrants for each age group. For the 45 to 64 year 
age group, the number of net migrants is found by multiplying the net mi­
gration rate times the population for that age group. The equation form 
for the 65 years and over age ,,,-'oup solves for the net migration directly. 
2 The regression results for the above equations yield high R values 
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(.82 or higher) for all age groups except for the 45 to 64 year age group. 
The for this equation, as shown in Table XII.12 in Appendix D, was only 
0.31. All F values for these forms are significant at the 1 per cent level. 
The T values for the regression coefficients associated with labor force 
and population variables are all significant at the 1-per cent level. In 
general, however, the regression coefficients associated with the unem­
ployment rate are not significant at the 10-per cent level. Confidence 
in the regression results (with respect to migration as a function of the 
unemployment rate) is further reduced by the fact that the 1960 unemploy­
ment rate served as a proxy of job availability during the period from 
1955 to 1960. Thus, if the 1960 unemployment rate is not a good proxy for 
job availability during this period, the regression analysis may have under-
or over-estimated the effect of unemployment rates on migration. 
As can be seen in Figure IV.1, the unemployment rate, as it influences 
migration, provides an important linkage between the employment and demo­
graphic sectors. As the regression analysis indicates this is a rather 
weak linkage, it is necessary to provide additional linkages between the 
two sectors. This is partially done for age groups 14 to 19 years and 20 
to 24 years by permitting the total available labor force to influence 
migration and for the 65 years and over age group by permitting the labor 
force supplied by that age group to influence migration by people 65 and 
over. Additional linkage is provided by labor-force participation rates, 
which will be discussed in sub-section IV.B.4. 
Muth (54) has attempted to account for the fact that employment change 
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and migration influence each other by developing a model in which the two 
are simultaneously determined. Due to the recursive sequence of the equa­
tions (to be discussed later) used in this study, the unemployment rate 
and migration are not determined simultaneously. Instead, migration in 
the current year is made a function of the unemployment rate of the pre­
vious year. 
Figure IV.1 also shows that there is a two-way relationship between 
population and migration (i.e., population influences migration only for 
age groups 2 5 to 44 years and 45 to 64 years). In a recursive arrangement 
of equations, this is handled by making migration in the current year a 
function of the population in the previous year and by including current 
migration as one of the determinants of current population. 
Equations have only been provided to determine migration for the five 
oldest age groups. As children migrate with their parents, migration for 
the 0 to 13 year olds is determined by the number of migrants in the next 
four age groups and the average number of children (0-13 years in age) per 
individual in each of the next four age groups. The 65 years and over 
age group was assumed as not having any children 0 to 13 years in age. 
The determination of the average number of children per individual in the 
relevant age groups is discussed in Appendix C. As the average number of 
children per individual depends upon the assumed birth rate, it was as­
sumed that the region's birth rate also applied to those areas from which 
in-migrants come. Actually, an in-migrant would likely have more or less 
children than an out-migrant, since birth rates would likely differ from 
those in the study area. 
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Finally, in- and out-migrants were distributed equally among the ages 
within each age group. For example, if there is a net in-migration of six 
people in the 14- to 19 year age group, the population for this age group 
is increased by six. This has the same effect as distributing the six im­
migrants equally among the six ages within this age group. 
4. Labor-force participation rates 
Figure IV.1 shows that an additional linkage between the employment 
and demographic sectors is provided through consideration of labor-force 
participation rates by age group. The labor-force participation rates 
and population during any given time period determine the available labor 
force in the area. Labor-force participation rates are given in Table IV.3 
for the five oldest age groups. For the simulation runs in Section V, 
linear trends in the labor-force participation rate at the national and 
state levels are considered in alternative runs. The national and state 
trends are also given in Table IV.3. 
5. Growing rates 
When, the population is divided into age groups in a population growth 
model, consideration must be given to the fact that people "grow" out of 
one age group and into another over time. Actually, people do not "grow" 
out of the last age group (65 years and over), and they do not "grow" into 
the first age group (0 to 13 years). It is assumed in this study that there 
are an equal number of people at each age within each age group. This 
means, for example, that each year one-fifth of the people in the 20 to 24 
year age group are growing out of this age group and into the 25 to 44 
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Table IV.3. Labor-force participation rates, by age group, central Iowa, 
1960% 
Annual rate of change. Annual rate of change. 
United States Iowa 
Age group LFPR^ (1950-1970)^ (1950-1970)° 
14-19 .32 35 -.0045^ .0013^ 
2 0-24 .6101 - .0045^ .0013® 
2 5-44 .6326 .0040 .0037 
45-64 .6404 .0057 .0075 
55+ .2072 - .0076 -.0056 
^(LFPR)^ - (civilian labor force)^ where i re-
(civilian noninstitutionalized population)^ 
fers to i*"^ age group and i = 2,...,6. 
(Civilian labor force)^ = (labor force)^-(armed forces)^ 
Labor force data were available by age group by county. However, the 
number of people in the armed forces was -liable only as a total figure 
by county. U.S. percentages for age gro were used to allocate the area's 
total number in the armed forces to tae relevant age groups. 
(Civilian noninstitutionalized population)^ = (area population)^-
(armed forces)^ - inmates of institutions. 
U.S. percentages for age groups were again used to allocate the area's 
total number of people in institutions to the relevant age groups. 
^Sources; (85, p. 487; 79, pp. 3-4; 83, pp. 246-253). 
^Source: (87, p. 57). 
'^Source: (47, pp. 15, 17). 
®Labor force data were given for 14-24 age group. Thus, some trend 
was used for 14-19 and 20-24 age groups. 
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year age group. However, in the same year the 20 to 24 year age group is 
receiving one-sixth of the people in the 14 to 19 year age group. 
6. Demographic and final demand linkages 
Figure IV.1 shows that changes in the population influence the level 
of certain categories of final demand. These linkages are discussed more 
fully when consideration is given to the final demand sector of the model. 
7. Demographic equations 
The equations for the demographic sector of the simulation model are 
as follows: 
5 
(1) Pt 
i=l 
(2) pi = - 0^ 
5 
(3)  3I L (LB) 
i-2 
(4) (LE)^ - ^t-1 
1 , 0 0 0  
i = 2 5 
(5) (Ba)^  = + q 1 
t 
i = 2 ,..., 5 
(6) 
64 
(7) 
5 
(8) - 0^ 
1 = 2,  3,  4 
(9)  = 2,547 -  225 (U^.i)  + 0.02 [(ALF)^_^] 
(10) 0^ = 1,815 + 21.6 (Ut_i)  + 0.02 [(ALF)^_i]  
(11) = 2,365 -  233 (U^-i)  + 0.03 [(ALfO^.i]  
(12) 0^ = 2,936 - 20 (U^.i) + 0.02 [(ALF)^_^] 
(13) = 2 ,220 - 382 (U^_]_) + 0.014 (P^_^) 
(14) 0^ = -883 + 96 (U^ ,) + 0.02 (P^ ) 
t t-i t-1 
(15) Hi— = .019 - .002 (U^.i) - ^31 (1^) 
t>5 P , -, P t-1 t-1 
(17) N° = 1,241 - 16 (Ut_i) - .02 [(ALF)J_^] 
(18) (GO)t = Pt-i/14 
1 pi 
(19) Di = ( t-1 ). (DR) 
1,000 
1 
t 
(20) (DR)^ = (DR)^_i + 
65 
(21) = (DR)t_i . 
(22) + (GI)^ - (GO)J -
1 = 2,...,6 
(23) (GI)i  = P^Zi /  A^-1 
i = 2 ,. „ •, 6 
6 (24) (GO)t = 0 
(25) (GO)^ = (GI)^^l 
i — 2 ;. $. ) 5 
= «ÎT^'-  ««t 
i = 2 , . . . , 6  
(27) (Da)t  = (DR)t_i  + 
i = 2 ,..., Ô 
(28) = (DR)t_i . 
where: 
ttX P.. = total population, t year; 
= population in 0-13 age group, t^^ year; 
= total births, t*"^ year; 
(LB)^ = live births to i''^ age group (where i = 2,...,5), t^^ year; 
(BR)^ = birth rate for the i^^ age group (where i = 2,...,5), t^^ year; 
= change in birth rate, as compared to previous year, for i^^ 
age group (where i = 2,..„,5), t^^ year; 
= net migration for 0-13 age group, t^^ year; 
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= average number of children per individual in i^^ age group 
(where i = year; 
4-
U-j- - unemployment rate, t year; 
tin (AFL)^ = total avail-able labor force, t year; 
(AFL)^ = labor force supplied by 65+ age group, t^^ year; 
- net migration for i^^ age group (where i = 2, 3, 4), t^^ year; 
C ttl 
= net migration for the 45-54 age group, t year; 
' t Itl 
= net migration for the 65+ age group, t year; 
= in-migration for i^^ age grouD (where i = 2, 3, 4),'t^ year; 
t 
0^ = out-migration for i^^ age group (where i = 2, 3, 4) t^^ year; 
(GO)i = number of people growing out of 0-13 age group, t^^ year; 
1 t n. 
= deaths in 0-13 age group, t year; 
1 th (DR) = death rate for 0-13 age group, t year; 
d^ = change in death rate, as compared to previous year, for 0-13 
age group, t^"' year; 
= population in i^^ age group (where i = 2 , . . . , 6), t^^ year; 
(GI)i = number of people growing into i^'^ age group (where i = 2,...,6), 
t^^ year; 
(GO)^ = number of people growing out of i^^ age group (where i = 
2, — ,5), t^^ year; 
(GO)t - number of people growing out of 65+ age group, t^^' year; 
= deaths in i'"^ age group (where i = 2,...,6), t^^ year; 
(DR)^ = death rate for i^^ age group (where i = 2,...,6), t^^ year; 
d^ = change in death rate, as compared to previous year, for i^^ 
age group, t^^ year; 
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= annual rate of change in birth rate for i^^ age group (where 
Î = 2 y » m m y 5') I 
To = annual rate of change in death rate for 0-13 age group; 
= annual rate of change in death rate for i^^ age group where 
i  =  2 , , 6 )  ;  
= number of years spent in the i^"' age group (where i = 1,...,5). 
C. Employment Sector 
The three linkages (migration, labor force, and labor-force partici­
pation rates) between the demographic and employment sectors have been dis­
cussed; consideration is now given to the available and required labor 
force. The calculation of these two variables in each simulation permits 
the derivation of an unemployment rate. 
1. Available labor force 
The population and labor-force participation rates are determined in 
each simulation for each of the work-age groups. The labor force supplied 
by each age group can be determined by multiplying the population for the 
age group times the relevant labor-force participation rate. The available 
labor force is found by summing the number of workers supplied by each age 
group. 
2. Required labor force 
The required labor force is determined by the output sector of the 
model and output per worker. The labor force required to produce the out­
put of each industrial sector is found by dividing the output for the sec­
tor by the output per worker for the relevant industrial sector. The 
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dollar output per worker in 1960 and the annual raze of change in output 
per worker for the 17 industrial sectors were given in Table III.l. 
As shown in Figure IV.1, the productivity increases in output per 
worker in these industrial sectors are influenced by the capital stock 
for the relevant industrial sectors. The relationship between capital 
stock changes and productivity increases for labor is not directly taken 
into account in. this study. To directly take this relationship into ac­
count in this study. To directly take this relationship into account 
would require the development of production function relationships for each 
of the region's 17 industrial sectors. This study uses estimates of pro­
ductivity increases by Maki (47, p. 30) and Barnard (4, p. 107) for the 
state of Iowa, which attributes to labor the increased output obtained with 
improved facilities and equipment. The industrial productivity estimates 
for Iowa were based upon national data prepared for multi-digit industrial 
classifications (6, p. 66). 
3. Unemployment rate 
The amount of unemployment for each simulation is the difference be­
tween the total available and required labor force for the region. The 
unemployment rate is found by dividing the number of unemployed fay the 
total available labor force. In the computer runs, zhe unemployment rate 
is restricted to positive values and is not permitted to exceed eight per 
cent. (The migration equations presented above were developed from unem­
ployment data that, basically, fell in this range.) 
As shown in Figure IV.1, determination of the unemployment rate in 
the region completes a feedback loop between the demographic and employ-
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ment sector. Population and labor-force participation rates by age group 
determine the available labor force, and the available labor force par­
tially determines the unemployment rate. The unemployment rate, in turn, 
influences migration, which influences population- At this point the loop 
begins again, with the population in the various age groups partially de­
termining the available labor force, and so on. 
4. Employment sector equations 
The equations for the employment sector of the model are as follows: 
Ô 
(29) (ALF)^ = (ALF).^; 
i=2 
(30) (ALF)t = (LFPR)J 
i = 2  , , 6 ) ;  
(31) (LFPR)^-- (LFPR)^ , + f^ 
L. t — i ^ 
i = 2 ,. . .  , 6 - ,  
(32) f^ = (LFPR)J_^ . TJ 
i = 2 , ..., 6; _ 
17 
(33) (RLF)^ = (ELF)j;  
3-1 " 
(34) ^ • [1.000] 
j = 1,... ,17 ; 
(35) (OW)^ = (OW)j T + Wf 
t t-l t 
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(36) 
j = 1,... ,17; 
(37) = ([(ALF)^ - (RLF).^1/(ALF)^) . (100) 
0 Ut 8; 
where: 
(ALF)^ = total available labor force, t^^ year; 
(ALF)^ = labor force supplied by i^^ age (where i = 2,...,6), t^^ year; 
(LFPR)^ = labor-force participation rate for i'^^ age group (where 
1 = 2,...,6), t""^ year; 
f^ = change in labor-force participation rate, as compared to previous 
year, for i^^ group (where i = 2,...,5), t^^ year; 
(RLF).j, = total required labor force, t^  ^year; 
(RLF)^ = labor force required to produce the output of industry 
(where j = 1,...,17), tyear; 
(OW)^ = dollar output per worker in industry, t^^ year; 
w;^  = change in output per worker, as compared to previous year, for 
sector, t^^^ year; 
ttl U.J, = unemployment rate, t year; 
= dollar output of jindustry, t^^ year; 
= annual rate of change in the labor-force participation rate for 
i^  ^age group (where i = 2,...,ô), t""^ ' year; 
i ti 
= annual rate of increase in dollar output per worker in indus­
try, t^^ year. 
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D. Output Sector 
Output in the present model is determined by including input-output 
relationships in the simulation model. This is accomplished by the follow­
ing equation: 
(38) = (I  -  A)-l  .  zt ,  
where: 
th. Xj- = vector of industrial outputs, t year; 
Z^ = vector of final demands, t^^ year; 
A = matrix of input-output coefficients; 
(I - A)~^ = direct and indirect requirements matrix. 
Figure IV.1 shows that the matrix of technical or input-output co­
efficients (see Table III.2) provides the information to obtain the direct 
and indirect requirements matrix (see Table III.5). Figure IV.1 also shows 
that the direct and indirect requirements matrix provides the linkage be­
tween the output and final demand sectors of the model; i.e.,the output 
of each industrial sector partially depends upon the final demand for the 
industrial sector's output. 
" E. Final Demand Sector 
Figure IV.1 shows that the model includes five final demand categories. 
Each category of final demand is disaggregated by industrial sector. The 
1960 values for these final demands by industrial sector were derived for 
the 1960 input-output model for the region (see Table III.3). 
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1. Net exports 
As shown in Figure IV.1, net exports by industrial sector are exogenous 
to the modelo Net exports partially determine output for the relevant 
exporting industrial sectors, but nothing in the model determines net ex­
ports. With net exports exogenous to the model, different computer runs 
can reflect different assumptions with respect to the level of net exports 
for the exporting sectors. 
The input-output model showed that seven industrial sectors were net 
exporters. Itends in net exports for these seven sectors are calculated 
in terms of an annual rate of change. The derivation of trends in net ex­
ports is considered in Appendix C. 
2. Household purchases 
Figure IV.1 shows that household purchases by industrial sector are 
influenced by annual changes in total population. Thus, a linkage between 
the demographic sector and final demand category is provided. 
Household purchases by sector for the 1960 regional input-output model 
were estimated by determining a per capita consumption value at the state 
level and multiplying by the region's population in 1960. Thus, trends 
in household purchases can be derived by calculating trends in per capita 
household purchases for the seventeen industrial sectors. The trends are 
given in terms of the annual rate of change in per capita household ex­
penditures by sectors. The derivation of these trends is presented in 
Appendix C. Thus, in each simulation, household purchases by sector are 
determined by multiplying the new population value by the nav per capita 
consumption value. 
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3. State and local government purchases 
Figure IV.1 shows that state and local government purchases by indus­
trial sector are influenced by annual changes in population. Thus, another 
linkage exists between the demographic and final demand sectors of the model. 
State and local government purchases by sector were estimated for the 
1950 input-output model by determining per capita consumption at the state 
level and multiplying by the region's 1960 population. Trends in state 
and local government purchases are derived by calculating trends in per 
capita state and local government purchases for the industrial sectors. 
The derivation, of these trends is presented in Appendix B. As in the case 
of household purchases, in each simulation state and local government pur­
chases by sector are determined by multiplying the new population by the 
new per capita purchases. 
4. Federal government purchases 
Linkages with the demographic sector and determination of per capita 
consumption for federal government purchases are the same as for state 
and local government purchases; the discussion does not need to be repeated. 
Trends in per capita federal government purchases are calculated in Ap­
pendix C. 
5. Capital formation 
Figure IV.1 shows that capital formation is considered somewhat dif­
ferently than the other final demand sectors. Capital formation is not 
exogenous to the model as in the case of net exports, and neither is capital 
formation linked to the demographic sector as in the case of the three pre­
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viously discussed final demand sectors. Rather, capital formation is 
linked to the capital sector of the model as well as to the output sector 
of the model (as are all final demand sectors). 
Capital formation by industrial sector was determined for the base 
year, 1960, in the 1950 input-output model for the region. The simulation 
model does not handle changes in capital formation through trend factors 
as in the case of uhe other final demand sectors. Rather, a new capital 
formation value is determined in each simulation for each industrial sec­
tor. The amount of capital formation by sector is determined by the an­
nual change in the size of the gross capital stock for a particular indus­
trial sector and capital coefficients. 
The input-output model as presented in Chapter III represents a static 
system. However, the system can be made dynamic by incorporating the ac­
celeration principle into the model (4, p. 99). This is accomplished by 
relating changes in capital stock to changes in output. Figure IV.1 shows 
that changes in the capital stock or investment are dependent upon changes 
in output. Thus, investment in new plant and equipment is generated within 
the model from changes in output. Gross investment for any individual sec­
tor is never permitted to fall below zero in the model. However, this does 
not mean that plant capacity is not allowed to decrease. For example, if 
gross investment for a particular sector in a particular year were zero, 
that sector's plant capacity would decline after depreciation for the year 
was taken into account. 
In addition to determining the level of gross investment for each 
sector, it is necessary to determine the sources of capital inputs for that 
level of investment. This is accomplished through the use of capital co­
efficients. Capital coefficients show the amount of purchases by a given 
industry from all other industries -for each $1 of investment by the given 
industry. In other words, capital coefficients show the percentage dis­
tribution of an industry's total capital expenditures among the other 
industries in the economy that produce capital goods. 
The matrix of capital coefficients for the central Iowa economy in 
1960 is given in Table • IV.4. The coefficients show, for example, that for 
each $1 of investment in the agricultural sector, $0.35 was for purchases 
from the construction and mining industry sector and $0.44 was for pur­
chases from the nonelectrical machinery sector. Purchases from other sec­
tors by the agricultural sector were of much less importance. Table IV.4 
shows that the agricultural, food and kindred products, and service sec­
tors are not capital-producing sectors. Table IV.4 also shows that most 
sectors purchase a relatively high per cent of their capital inputs from 
the construction and mining and non-electrical machinery sectors. It will 
be recalled that the input-output table in Chapter III showed that large 
portions of the output of these two sectors entered into capital formation 
The distribution of the output of the producing sectors to capital 
formation is determined in each simulation by multiplying the matrix of 
capital coefficients times the vector of investment. 
Ô. Final demand equations 
The equations for the final demand sector of the model are as follows 
(39) ZJ = Ep + + (SL)^ + + (CA)^ 
L "C U L Z 
* cl 1 
Table IV.4. Capital coefficients, central lowa, I960')" 
Sectors 
1 Agriculture 
2 Const,  and mining 
3 Food and kind. prod. 
4 Textile prod. 
5 Print,  and publish.  
6 Chemicals and allied 
7 Other nondur. goods 
8 Furn., lumber and 
wood prod. 
9 Prim, and fab. metals 
10 Mach. except elec. 
11 Elec.  mach. and 
equip,  supplies 
12 Other durable goods 
13 Transportation 
14 Comm. and pub. util. 
15 Trade 
16 Fin.,ins.and rea1 est. 
17 Services 
18 Households 
Totals ^' 
2 3 4 
0 0 0 
1100 .2600 .1005 
0 0 0 
0001 .0010 .0016 
0 0 0 
0 0 0 
0064 .0127 .0498 
,0003 .0010 .0021 
0106 .02 81 .0210 
5540 .4517 .4838 
1584 ' .1031 .0736 
0175 .0153 .0557 
1186 .1086 .0140 
0 0 0 
0203 .0137 .097 5 
0 0 0 
0 0 0 
0038 .0048 .1004 
,0000 1.0000 1.0000 
1 
0 
3500 
0 
0 
0 
0 
0015 
0005 
0084 
4406 
0499 
0123 
1003 
0 
0341 
0 
0 
0024 
0000 
^Sectors 1, 3 and 17 have no capital production. 
^Sources: (4, pp. 105-106; (48, p. 823). 
0 
3000 
0 
0010 
0 
0 
0220 
0010 
0 
.2000 
0 
.0004 
0 
0 
.0128 
.0018 
0 
.3914 
0 
.0005 
0 
0 
.0181 
.0016 
8 9 
0 0 
3000 .2000 
0 0 
0003 .0004 
0 0 . 
0 0 
0222 .0194 
0025 . 0010 
0080 
4480 
0240 
.0453 
.4334 
.0124 
.0287 
. 4037 
. 014'i 
.0114 
.4313 
.0086 
.0248 
.4544 
.0510 
0810 .1057 .0510 .1189 
0120 .  0131 .0805 .0124 
0 0 0 0 
0700 .1107 .0103 .0883 
0 0 0 0 
0 . 0 0 0 
0330 .  0644 .0014 .0041 
,0548 
,0134 
0 
.1125 
0 
0 
.0683 
0000 1.0000 1.0000 1.0000 1.0000 
Table IV.4. (Continued) 
Sectors 10 11 12 
1 Agriculture 0 0 0 
2 Const, and mining .2600 .3300 .2800 
3 Food and kind. prod. 0 0 0 
4 Textile prod., .0018 .0011 .0014 
5 Pr int. and publish. 0 0 0 
6 Chemicals and allied 0 0 0 
7 Other nondur. goods .0720 .0289 .0309 
8 Furn., lumber and .0030 .0009 .0015 
wood prod. 
9 Prim, and fab. metals .0010 .0068 .0093 
10 Mr ch. except elec. .4004 .3890 .3627 
11 Elec. mach. and .0615 .1176 .1103 
equipo supplies 
12 Other durable goods .0499 .0370 .0778 
13 Tra ns po rtat ion .1275 .0658 .1051 
14 C omm. a nd pu 1 ). util. 0 0 0 
15 Trade .0155 .0141 .0143 
16 Fin.5 ins.and real est. 0 0 0 
17 Services 0 0 0 
18 Households .0074 .0088 .0067 
Totals 1.0000 1.0000 1.0000 
13 14 15 16 17 
0 0 0 0 0 
2206 .4000 .2300 .3712 .2254 
0 0 0 0 0 
0020 .0005 .0040 .0019 .0016 
0 .0007 .0098 .0014 0 
0 .0024 .0005 .0006 0 
0 .0050 .0080 0 .0433 
0150 .007 0 .0670 .0342 .0008 
0100 .0275 .0050 .0032 .0056 
277 0 .2285 .4700 . 631 .3937 
0280 .2015 .0280 .0809 .0822 
3460 .0098 .0480 . 0064 .0644 
0720 .0098 .0160 .0992 .1209 
0 .0826 0 0 0 
0100 .0037 .1090 .0102 .0153 
0 0 0 .0147 0 
0 0 0 0 0 
0194 .0210 
O
 
o
 .0120 .0468 
0000 1.0000 1.0000 1.0000 1.0000 
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(40) EJ = Et_i + 
j  -  1 , , 1 7  ;  
(41) e: = . Tg 
j = 1,... ,17 ; 
(42) yi = [(PCH)j . P^] / 1,000 
j = 1,...,17; 
(43) (PGH)^ , + 
t-1 t 
j = 1,...,17; 
(44) = (PCH)^_i . 
j = 1,...,17 ; 
(45) (SL)J = [(PCSL)] . P^] / 1,000 
j = l,.o.,17; 
(46) (PCSL)i = (PCSL)] , . 
j — 
(47) = (PCSL)]_i . TJ 
j = 1,... ,17 ; 
(48) pi = [(PCF)j . P^] / 1,000 
3 ~ l;.o,gl7 3 
(49) (PCF)] = (PCF)J_^ + 6^ 
j = 1,...,17; 
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(50) gj = (PCF)j_i • TJ 
(51) (CA)^ = Y . k j 
t ^ 
j ~ ; 
(52) = KJ = Kj_i; kj >0 
j - 1J•••)17 ; 
where: 
= total final demand for the output of the sector, t^^ year; 
= net exports for the sector, t^^ year; 
= household purchases from the sector, t^^ year; 
CSL)^ = state and local government purchases from sector, t^^ year; 
F;^ = federal government purchases from sector, t^^ year; 
(CA)j = capital accumulation for sector, t^^ year; 
t 
(PCH)^ = per capita household purchases from sector, t^^ year; 
(PCSL)^ = per capita state and local government purchases from 
sector, t^^ year; 
(PCF)j = per capita federal government purchases from sector, 
t^^ year; 
e^ = change in exports, as compared to previous year, sector, 
t^^ year; 
r^ = change in per capita household purchases, as compared to previous 
year, sector, t^^ year; 
m^ = change in per capita state and local government purchases, as com­
pared to previous year, sector, t^^^ year; 
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= change in per capita federal government purchases, as compared 
t 
to previous year, sector, t^^ year; 
rJ = gross capital stock for sector, t^^ year; 
= annual change in gross capital stock for 3^^ sector, tyear; 
Y = matrix of capital coefficients; 
= annual rate of change in net exports for sector; 
= annual rate of change in per capita household purchases froirT ^ 
jtti. sector; 
Tg = annual rate of change in per capita state and local government 
purchases from sector; 
= annual rate of change in per capita federal government purchases 
from sector. 
F. Capital Sector 
Figure IV.1 shows that the capital sector of the model consists of 
gross and net capital stock by industrial sector. The capital and output 
sectors of the model are linked through sectoral capital-output coefficien-
Capital-output coefficients are given in Table IV.5. The capital stock pe 
sector can be determined by an equation in which capital stock is a functi 
of output: 
(53) Kj = . 4 
j - 1,...,17 
where: 
= gross capital stock for sector, t^^ year; 
= dollar output of sector, year t-1; 
= capital output coefficient for sector. 
Table IV.5. Estimated capital-output coefficients and depreciation rates,, 
central Iowa, 1960 
Capital output 
coefficient Depreciation rate 
(ratio) (per cent) 
1 Agriculture 1.1114& 7 .70% 
2 Const, and mining 0.1909^ 9.27& 
3 Food and kindred prod. 0.2460* 6.52& 
4 Textile products 0.3266^ 6.68% 
5 Print, and publish. 0.3940C 6.63% 
6 Chemicals and allied 0.5011^ 6.66% 
7 Other nondurable goods 0.5889*'^ 4.83% 
S Furn., lumber and wood prod. 0.2381^ 6.89% 
9 Prim, and fab. metals. 0.7579 4.84% 
10 Mach. except elec. 0.4548& 8.26% 
11 Elect, mach. and equip, supplies 0.3592C 7.86% 
12 Other durable goods 0.5015^'^ 6.87% 
13 Transportation 1.7609 3.81* 
14 Comm. and pub. util. 3.00823 3.2 9* 
15 Trade 0.6523& 5.22% 
16 Fin., ins. and real est. 1.0471& 4.73& 
17 Services 0.9451 9.69* 
^Source: (4, p. 53). 
^Source: (88, pp. 143-147). 
^Source: (43). 
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As shown in Figure IV.1, determination of the capital stock by sector 
in each simulation completes a feedback loop among the output, final demand, 
and capital sectors of the model. Capital accumulation as a final demand 
sector influences the level of output by sector, and output by sector de­
termines the capital stock. In turn, changes in the capital stock influ­
ences capital accumulation. 
Net capital stock by sector is determined by multiplying the gross 
capital stock by depreciation rates (see Table IV.5) for the individual 
sectors, 
(54) (KN)j = - (K^ . A^), 
where: 
(KN)^ = net capital stock for sector, t^^ year; 
= gross capital stock for sector, t^^ year; 
A^ = depreciation rate for the sector, t^^ year. 
The capital stock influences labor productivity; but, as indicated 
in Section IV.C, this relationship is only indirectly taken into account. 
G. The Complete Model 
The equations for the complete economic model are presented in Appen­
dix D (Section XII.A). The 54 equations are arranged in a recursive sequence. 
Strotz and Wold (62, p. 417) state that the essential property of recursive 
models is "...that each relation is provided a causal interpretation in the 
sense of a stimulus-response relationship." In the recursive system, the 
solutions to equations depend upon the current and/or lagged values of vari­
ables solved for earlier in the sequence of equations. Base year (1960) 
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data were used as values for the lagged variables to obtain, solutions for 
the first year of simulation (1961). After the first year of simulation 
the model generates all required data, since the outputs or solutions for 
year (t) become the inputs for year (t+1). 
Of the 54 equations, eight are disaggregated into five subequations, 
four are disaggregated into four subequations, and one is disaggregated 
into three subequations. These disaggregations are based upon age groups. 
Also, 20 equations are disaggregated into 17 subequations—one for each of 
the 17 industrial sectors in the economy. Thus, the computer model consists 
of 42 0 different equations. 
The computer program is written in FORTRAN language and is presented 
in Appendix D (Section XIII.B). The notation for the variables and coeffi­
cients of the program is basically the same as in the equations for the 
economic model. 
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V. EMPIRICAL RESULTS AND THEIR SELECTED APPLICATION 
A. Computer Runs 
Seven runs of the computer model were made, each yielding a set of 
projections of the people and the economy of the pilot study region. These 
seven runs are summarized in this chapter in terms of projected births, 
deaths, net migration, and labor supply by age group; and projected employ­
ment, output, final demand, and capital srock by industrial sector. The 
seven runs result from alternative assumptions regarding (1) labor-force 
participation rates, (2) birth rates, (3) productivity increases, (4) ex-
pott trends, and (5) trends in household, state and local government, and 
federal government purchases. 
With the computer simulation technique, projections may be obtained 
for each year between 1960 and 1980, as well as for the terminal year. 
This is of much value, as one may analyze what occurred in the process of 
arriving at the terminal year projections. The projections for some vari­
ables are summarized graphically by plotting five year interval values from 
_9ôO to 1980. Efforts are made to relate the 1960-1980 projected trends in 
these variables to the 1950-1960 trends discussed in Appendix A. 
The assumptions underlying the base run are given in detail for the 
relevant variables. Then it is only necessary to point out changes in these 
assumptions as parameter changes are made in later runs. Empirical results 
for the pilot-study region will be presented to each computer run. However, 
the primary objective of the computer runs is to demonstrate the capability 
of the model to handle various parameter changes. 
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B. Run I: Base Run 
The assumptions concerning relevant variables of the model for Run I 
can be summarized as follows: (1) Birth rates for the four relevant age 
groups are held constant at their 1960 levels (see Table IV.1). (2) Death 
rates for each age group continue to decline during the simulation period 
as they had from 1950 to 1960 (see Table IV.2). (3) Average number of 
children (0-13 years of age) depends upon the assumed birth rates (see Ap­
pendix C). (4) Labor force participation rates by relevant age group for 
1960 increase by an annual rate of change based upon estimates for Iowa (see 
Table IV.3). (5) Output per worker for each of the 17-industrial sectors 
increase by an annual rate based upon state estimates (see Table III.l). 
(6) Total requirements matrix is constant throughout the simulation period 
(see Table III.5). (7) Trends in net exports are basically related to 
projected population increases for the importing areas (see Appendix C). 
(8) Trends in per capita household purchases, per capita state and local 
government purchases, and per capita federal government purchases are.for 
the most part the same as estimated for the state of Iowa (see Appendix C). 
(9) Capital-output coefficients remain fixed throughout the simulation period 
(see Table IV.7). (10) Depreciation rates remain fixed throughout the simu­
lation period (see Table IV.7). (11) Matrix of capital coefficients remains 
fixed throughout the simulation period (see Table IV.6). 
Table V.l summarizes the demographic projections for the pilot-study 
region for 1980. The total population for the 8-county region is projected 
at 541,864, or a 17.3 per cent increase over the 1960 population. The 1980 
population is projected to supply a labor force of 215,354 workers. Table 
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Table V.l. Run I (base run): births, deaths, net migration, population, 
and labor supply by age group, central Iowa, 1980 
Age Net Labor 
group Births Deaths migration Population supply 
0-13 - 178  1,732 147 ,286  -
14-19 1 ,679  43  142  53,840 17,876 
20-24  5 ,086  27 1 ,016  42 ,503  26 ,614  
25 -44  5 ,920  126  1 ,238  123 ,598  84 ,182  
45 -64  12 763  933  97 ,312  72 ,363  
65+ 
-
4 ,815  918  77 ,325  14 ,320  
Total 12 ,693  5 ,952  5 ,979  541 ,864  215 ,354  
V.l also shows that the region experienced net in-migration for all age 
groups in 1980. Births in 1980 total 12,693 and deaths 5,952. Total 
births in 1980 are projected to be only 1,650 greater than in 1960. This 
small increase in projected births is primarily due to the assumption of 
constant 1960 birth rates. 
Figure V.l shows the total population and population by age groups at 
five year intervals from 1960 to 1980, in addition to 1950 values. The 
average annual rate of growth in total population is lower from 1960 to 
197 0 (.3 per cent) than from 1950 to 1960 (1.2 per cent). However, from 
1970 to 1980 the rate of population growth is approximately the same as 
from 1950 to 1960. 
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Projected populations for individual age groups of course are dependent 
upon assumptions of the model and data inputs associated with these assump­
tions. For example, it is expected that the rate of growth for the 0 to 13 
age group will be lower during the simulation period than from 1950 to 1960. 
This is to be expected since birth rates during the simulation period were 
held constant at their 1960 rates, while birth rates from 1950 to 1960 
showed an upward trend. Figure V.l shows that the 0 to 13 age group showed 
a noticeably lower rate of growth during the simulation period than from 
1950 to 1960. 
The 14 to 19 age group continues to grow at an average rate of 1.3 per 
cent per year from 1960 to 1980. Descriptive material in Appendix A points 
out that 20 to 24 age group lost population in the region from 1950 to 1960. 
Figure V.l shows that'trend is not projected to continue. Assumptions of 
the model (e.g., rising trends in exports and household and government 
purchases) generate sufficient economic growth to attract more in-migrants 
and to reduce out-migrâtion. As also indicated in Appendix A, the 25 to 
44 age group also declined in population from 1950 to 1960, and Figure V.l 
shows that this decline continues from 1960 to 1965. This group, however, 
shows some increase from 1970 to 1980. The 45 to 64 age group increased 
in size by only 6.5 per cent from 1960 to 1980. The estimated migration 
equation for the 45 to 64 age group (see Subsection IV.B.3) is not highly 
responsive to the low unemployment rates projected for the region throughout 
much of the simulation period. The 65 years and over age group showed the 
largest percentage (56.5) increase from 1960 to 1980. An increase in the 65 
and over age group would be expected with more people in the 45 to 64 age 
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group to grow into the 65 and over group, and with the assumed decline in 
the death rate for the 65 and over age group. 
The results of the demographic projections indicate a moderately in­
creasing population to support and encourage economic growth. All age groups 
considered are projected to increase in size, however, the increase for the 
65 year and over age group is noticeably larger than for other age groups. 
Regional planners may need to give increasing attention to the size of 
the retired segment of the population, for the size of this group influences 
demand for recreation facilities, welfare programs, and hospital facilities. 
A more rapid rate of growth in the retired segment of the population rela­
tive to growth in the work-age segment (roughly from 20 to 64 years in age) 
means increased pressures for health facilities that are being supported 
financially by a smaller portion of the population, as the work-age group 
declines in relative size. 
Table V.2 summarizes the economic projections for 1980. Total employ­
ment in the 17 industrial sectors is projected to be 215,040 in 1980, or 
31.9 per cent higher than in 1960. For those individual sectors which over­
lap with sectors used by Maki (46, p. 15), a comparison shows the 1980 pro­
jections of employment for the region are very similar. For example, Maki 
projected employment in the agricultural sector at 11,220, while the results 
of Run I projected an employment figure of 11,182 for this sector. The 
similarities in projections are obtained despite the use of different methods. 
For example, Maki's projection of employment for the agricultural sector was 
obtained by the following steps: (1) the ratio of employment to number of 
farms was calculated, (2) farm numbers in the region were projected, and (3) 
the projected number of farms was multiplied by the ratio of agricultural 
Table V.2. Run I (base run): employment, capital stock, output, and final demand by industrial 
sector, central Iowa, 1980 
Industrial Employ­ Out­ Capital Net ex­ Purchases Capital Total 
sector 1 ment put stock ports House­ State and Federal forma­ f inal 
($1,000) hold loc. gOVto govt. tion demand 
($1 , 000 )  
1 Agriculture 11,182 323,752 317 ,2120 32 ,844  5 ,433  2,200 - - 40,478 
2 Const, and 15,747 42 6,330 66,9>93 - 99,179 65,185 46,646 80,710 291,720 
mining 
3 Food and 6,299 496,118 108 ,776  86 ,893  286,378 2 ,856  - - 376,128 
kindred prod 
4 Textile prod. 1,001 19,576 5,476 - 7 64 44 - 336 1,144 
5  Print, and 5,186 128,674 45,561 42,076 9,925 7,437 - 245 59,683 
publish. 
6  Ghem. and 1,092 100,059 42,975 - 28,892 260 - 190  29 ,343  
al1ied 
7  Other non­ 5,935 124,930 63,996 - 41,683 7,377 - 3,508 52,567 
durable goods 
8 Furn., lumber 1,356 35,360 7,081 - 10,043 109 - 3,731 13 ,883  
and wood prod. 
9 Prim.and fab. 3 ,686  97,212 62,539 - - - - 3 ,358  3 ,358  
metals 
10 Mach. except 5,301 218,235 77 ,409  - - 22,594 - 89,962 112 ,556  
elect. 
11 Elect, mach. 8 ,716  181,521 51,939 - 89,942 2 ,276  - 26,405 118,624 
equip, and 
supplies 
12 Other durable 3 ,536  94 ,807  38 ,608  - 10,128 1,575 - 14,504 26 ,208  
goods 
13 Transport. 7 ,264  178 ,233  276 ,237  - 36,079 12 ,708  14,283 17 ,656  80,726 
14 Comm. and pubj 4,462 201,724 526 ,423  17,034 89,127 6,076 455 26 ,308  139,000 
15 Trade 45,705 365 ,203  212 ,826  10,381 206 ,292  178  123 5 ,535  222 ,510  
16 Fin., ins.and 25 ,607  1 ,027 ,674  960 ,312  330,504 439 ,080  17 ,480  913 859  788 ,837  
real est. 
17 Services 62,964 506,451 410,236 39 ,092  218 ,839  68 ,595  4,068 
-
330,594 
Total 215 ,040  4 ,525 ,859  3 ,274 ,607  558,824 1 , 571 ,784  216 ,950  66 ,488  273,307 2 ,687 ,359  
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employment to number of farms. Shift analysis was the procedure used to 
project employment in-manufacturing sectors. The rationale of shift analysis 
is that there are three components of change in employment: an aggregate-
growth effect, an industry-mix effect, and a regional-share effect. 
An annual rate of growth in output per worker in agriculture of 6.1 
per cent was assumed throughout the simulation period. The effect of this 
assumption in the pilot study region is projected decline in agricultural 
employment by over 5,000 workers from 1960 to 1980, while output for this 
sector is projected to nearly double during this period. Manufacturing 
sectors are assumed to have an annual rate of growth in output per worker 
ranging from 3.1 to 3.3 per cent. Most of the manufacturing sectors show 
little increase in employment from 1960 to 1980, and two sectors (printing 
and publishing and nonelectrical machinery) even show a decline. All of 
the manufacturing sectors show a projected increase in output; but as a 
result of relatively high increases in output-per-worker, these sectors do 
not appear to be major sources of increased employment for the future. 
Table V.2 shows that it is such noncommodity sectors as trade; finance, in­
surance, and real estate; and services that will absorb much of the future 
employment. This is consistent wihh the employment shifts discussed in 
Section II.B. The assumed annual rates of increase for the "service" indus­
tries ranges from only 1 to 1.6 per cent. 
Capital stock and output are projected to increase for all industrial 
sectors from 1960 to 1980. The most noticeable increase for both is with 
^Thé projected decline in employment in the nonelectrical machinery sec­
tor is undoubtedly incorrect with the opening of a John Deere Company plant 
in Des Moines in 1967. Base year (1960) data fed into the computer model 
did not take this into account. 
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respect to the finance, insurance, and real estate sector with nearly a 
2 50 per cent increase. In absolute terms, this sector also shows the 
greatest increase in final demand. However, on a percentage basis, sever­
al sectors show greater increases in final demand from 1960 to 1980, namely 
Sectors 4, 6, 7, 8, 11, 12 and 14 which show more than a tripling in final 
demand as a result of the rather large trend factors assumed with respect 
to the components of total final demand for these sectors. 
Figure V.2 summarizes the projected trends in total (17 industrial 
sectors combined) industrial output, total net private capital stock, and 
total final demand. The similarity in trends for the three variables is 
readily apparent. This is understandable, since the trend in total final 
demand establishes the trends for the other two variables. This is because 
output is a function of final demand in the model, and capital stock is a 
function of output. All three variables show increasing rates of growth 
in each successive five year intervals. 
Table V.2 shows that household purchases dominated the five final 
demand categories. Trends for the final demand categories are presented 
in Figure V.3. All final demand categories, except capital formation, 
show an upward trend throughout the simulation period. The upward trend 
is especially noticeable for household purchases. Total capital formation 
for the industrial sectors declined from 1960 to 197 0, but increased rather 
sharply from 1970 to 1980. The increases in capital formation beginning 
in 1970 correspond with the sharper increases in capital stock beginning 
in 1970. From 1960 to 1970, the simulated economy was not expanding 
rapidly enough to encourage increasing amounts of gross investment. As 
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discussed in Appendix A, new capital expenditures by manufacturing in the 
region declined by 35 per cent from 1958 to 1963. 
C. Run II: National Trends in Labor-Force Participation 
Rates 
In the second computer run, all but one of the eleven previously dis­
cussed assumptions for Run I will hold. Assumption number 4 is changed 
from state estimated trends in labor-force participation rates to national 
trends. The national trend in labor-force participation by age group are 
based upon projections by the Department of Labor (87) and are presented 
in Table IV.3. The major difference in the state and national trends is 
with respect to the first two age groups. The state estimates showed an 
expected slight increase in labor-force participation by 14 to 19 and 20 
to 24 year olds, while the national projections indicate a substantial de­
cline in labor-force participation by these two age groups due to increased 
involvement in educational training. 
Table V.3 gives the 1980 demographic projections for Run II. In com­
parison to Run I, births, deaths, net migration, population, and labor 
supply are all higher for Run II because the lower trends in labor force 
participation rates in Run II reduces the number seeking employment, which 
tends to hold unemployment rates substantially below levels in Run I, and 
the lower unemployment rates result in greater in-migration. As a result, 
the larger population (579,610) in Run II supplies 7,135 more workers 
than projected in Run I, even though labor force participation rates are 
lower than in Run I. The 65 years and over age group shows the least 
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Table V.3. Run II (national trends in labor-force participation rates): 
births, deaths, net migration, population, and labor supply 
by age group, central Iowa, 1980 
Age group Births Deaths Net migration Population Labor supply 
0-13 - 192 2,624 159,516 
-
14-19 1 ,824  47 52 9 58,754 17,367 
20-24 5,560 29 1,412 46,7 02 26,035 
25-44 6,381 136 1, 931 133,928 91,764 
45-64 12 7 98 1,309 102,253 73,366 
65+ 
- 4,874 950 78,457 13,956 
Total 13,776 6 ,076  8,755 579,610 222 ,489  
projected absolute and percentage increase in size relative to Run I. Thus, 
the 65 years and over age group, as would be expected, is least sensitive 
to the smaller unemployment rates in Run II than in Run I. 
Table V.4 gives the economic projections for 1980 for Run II. All 
industrial sectors show an increase in employment over projections for 
Run I, with total employment in the 17 sectors 12, 283 greater than for 
Run I. Output for each industrial sector is also projected to be higher 
in Run II than in the base run; total output is $245,071 greater. With 
higher output levels, capital stock by sector, and for the 17 sectors com­
bined, also exceeds the estimates derived in Run'l. Since net exports are 
assumed to be independent of changes in the region's population, values 
Table V.4. Run II (national trends in labor-force participation rates): employment, capital stock, 
output, and final demand by industrial sector, central Iowa, 1980 
Industrial Employ­ Out­ Capital Net ex - Purchases Capital Total 
sector ment put stock ports House­ State and Federal forma­ f inal 
($1,000) hold loc. govt. . govt. tion demand 
($1,000) 
1 Agriculture 11,691 338,494 330,268 32,844 5,811 2,354 - - 41,010 
2 Const, and 16,720 452,651 69,830 - 106,088 69,726 49,895 85,349 311,058 
3 
mining 
Food and 
kindred prod. 
6,635 522,593 114,085 86,893 306,327 3,055 - - 396,275 
4 Textile prod. 1,059 20,719 5,720 - 817 47 - 360 1,224 
5 Print, and 5,381 133,513 47,041 42,076 10,616 7,955 - 2 67 60,914 
6 
publish. 
Chem. and 
allied 
1,159 106,194 45,165 - 30,905 278 - 195 31,378 
7 Other non­ 6,302 132,655 67,058 - 44,586 7,891 - 3,659 56,136 
8 
durable goods 
Furn.j lumber 
and wood prod 
1,446 37,717 7,441 - 10,743 116 - 4,043 14,902 
9 Prim.and fab. 3,906 103,019 64,716 - - - - 3,489 34,889 
10 
metals 
Mach. except 5,637 232,098 78,964 - - 24,168 - 96,081 120,249 
11 
elect. 
Elect, mach. 9,261 192,880 53,874 - 96,208 2,434 - 27,482 126,124 
12 
equip, and 
supplies 
Other dur.goods 3,744 100,384 39,671 10,834 1,685 15,135 27,654 
13 Transportation 7,722 189,454 289,609 - 38,592 13,594 15,278 18,994 86,458 
14 
15 
Comm. and pub. 
util. 
Trade 
4,699 
48,568 
212,441 
388,081 
544,245 
224,101 
17,034 
10,381 
95,335 
220,662 
6,500 
191 
487 
131 
26,886 
5,976 
146,241 
2 37,342 
16 Fin.,ins. and 26,702 1,071,622 995,710 330,504 469,666 18,698 977 947 82 0,7 92 
17 
real est. 
Services 66,690 536,415 431,673 39,092 234,083 73,373 4,352 - 350,899 
Total 227,323 4,770,930 3,410,171 558,824 1,65^273 232,065 71,120 288,863 2 ,863,545 
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for this final demand category remain the same as in the base run. With a 
more rapidly expanding economy than in the case of the base run, capital 
formation is also greater. With a larger population than in Run I, house­
hold, state and local government, and federal government purchases are 
also greater than in Run I. 
The implications of Run II appear to be that if a region can reduce 
labor force participation rates (e.g., by encouraging more people 14 to 
24 years of age to attend school(, it will experience more rapid rates of 
population and economic growth. The lower labor force participation rates 
reduce unemployment rates, which encourage net in-migration. The addition­
al population increases total final demand which increases the need for 
additional output. 
D. Run III: Increasing Birth Rates 
In the third run, all but two of the eleven previously discussed as­
sumptions for Run I hold. Assumption number 1 is changed from 1960 birth 
rates for relevant age groups held constant to increasing birth rates. 
Increasing birth rates are taken into account by assuming 1950-1950 trends 
for the 8-county region; these trends were presented in Table IV.1. 
Assumption number 3 is also altered. With higher birth rates, the 
average number of children per individual will also increase. Calculations 
of the average number of children (0 to 13 years in age) with increasing 
birth rates are presented for each of the relevant age groups in Appendix C. 
The implications of including an assumption of increasing birth rates 
in a model that includes economic-demographic interaction and input-output 
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relationships is not difficult to anticipate. The increasingtirth rates 
will, at least initially in the simulation period, result in a larger popu­
lation. The larger population will cause final demand to increase; and, 
since output is assumed to be a function of final demand, industrial out­
put will also increase. 
Demographic projections for Run III are presented in Table V.5. With 
the 1950-1960 trend in birth rates assumed for the simulation period, births 
are projected at 20,143 in 1980. This is 58.7 per cent greater than for 
the base run in which birth rates were held constant at their 1960 levels. 
Population is projected to be 631,720, or 16.6 per cent greater than for 
the base run projection. Deaths and labor supply also increase with the 
larger population. Net migration exceeded the base irun projection by 
nearly 5,000 due to lower unemployment rates. The larger population re­
sulting from increasing birth rates forces final demand to higher levels 
than in the base run, and the higher level of final demand results in 
greater output, which, in turn, calls for more workers, some of which may 
migrate into the region in response to the relatively low unemployment rates. 
Thus, the increasing population results in an expansion of output, and 
the expansion of output results in a growing population. Growth in either 
system—demographic or economic—stimulates growth in the other. 
The greater expansion in the economic variables relative to the base 
run is shown in Table V.6. Eraployment, output, and capital stock are greater 
by 15.2, 14.8, and 11.6 per cent respectively. To serve the large popula­
tion requires substantial increases, relative to the base run, in employment 
in the trade and the services sectors. Exports again remain the same as 
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Table V.5. Run III (increasing birth rates): births, deaths, net migra­
tion, population, and labor supply by age group, central Iowa, 
1980 
Age group Births 'Deaths Net migration Population Labor supply 
0-13 - 231 3 ,718  196,053 -
14-19 2,585 52 7 32 66,801 22 ,179  
20-24 10,247 31 1,720 50,689 31,739 
25-44 7 ,298  138 2 ,312  137 ,020  93 ,323  
45-64 13 800 1,479 102 ,7 94 76,440 
65+ 
-
4,866 953 78 ,363  14,512 
Total 20,143 6,118 10,914 631,720 238,194 
in the base year, since they are not dependent upon population changes 
within the region. The more rapidly expanding economy attempts to expand 
plant capacity with larger gross investments than in Run I and this results 
in higher capital formation. Purchases by households, state and local 
government, and the federal government are, of course, noticeably larger 
with the increased population. Total final demand is larger for each in­
dustrial sector and for the 17 sectors combined is 14.7 per cent higher 
than for the base run. 
E. Run IV: Declining Birth Rates 
The assumption of increasing birth rates in the previous computer run 
is not consistent with observed trends for the state or region since 1959. 
Table V.6. Run III (increasing birth rates): employment, output, capital stock, and final demand 
by industrial sector, central Iowa, 1980 
Industrial 
sector 
Employ- Out-
ment put 
Purchases Capital Net ex-
stock ports House- State and 
Capital Total 
Federal forma- • final 
($1 ,000)  .hold loc. govt govt. tion demand 
($1 ,000) 
1  Agriculture 12,411 359 ,360  347 ,623  32  , 844  6 ,334  2,565 - - 41,744 
2 Const, and 
mining 
18 ,668  505,400 76 ,792  115 ,626  75,995 54,381 105,810 
3 Food and kin­
dred prod. 
7,105 559,586 121,016 86 ; , 893  333 ,867  3,330 424,090 
4 Textile prod. 1,165 22 ,777  6 ,201  891 51 - 450  1,392 
5  Print, and 
publish. 
5,671 140,695 49,151 42. ,07 6 11,570 8,670 335 62 ,652  
6 Chem. and 
allied 
1,267 116,035 48,733 33,683 303 2,408 34,227 
7  Other non­
durable goods 
6 ,934  145,947 72 ,782  48,595 8,600 
— 
4,670 61,865 
8 Furn., lumber 
and wood prod. 
1,620 42 ,232  8 ,202  11,708 127 4,981 16 ,816  
9 Prim, and fab. 
metals 
4,397 115,963 71,701 
— 
4 ,367  4,367 
10 Mach. except 
elect. 
6 ,586  271,166 90 ,827  — 26,341 - 119,944 146,285 
11 Elect, mach. 
equip, and 
supplies 
10,400 216 ,605  59 ,670  104,858 2 ,653  34,150 141,660 
12 Other dur. goods 4,282 114,818 44,571 11,808 1,836 - 19,488 33 ,132  
13 Transportation 8 ,553  207 ,858  316,095 42 ,062 14,816 16,652 23 ,647  97 ,177  
14 Comm. and pub. 
util. 
5 ,221  236 ,056  594 ,723  17, 034 103,906 7,084 531 34 ,744  163,299 
15 Trade 53 ,081  424 ,144  241 ,865  10, 381  240,501 208  143 7,560 258 ,794  
16 Fin.,ins. and 
real est. 
28 ,274  1 ,134 ,690  1 ,046 ,140  330 ,  504 511,891 20 ,380  1,065 1,119 864,959 
17 Services 72 ,186  580 ,620  461 ,996  39, 092  255,128 79,970 4 ,743  - 378,933 
Total 247 ,821  5 ,195 ,952  3 ,655 ,088  558 ,  824  1 ,832 ,428  252 ,929  77,515 363,673 3 ,083 ,203  
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As indicated by Hartman (28), birth, rates for Iowa declined even more sharply 
beginning in 1961. Since this decline is likely to level out and perhaps re­
verse itself slightly, it may well be that the assumption for Run I of birth 
rates constant at their 1960 levels is the most realistic. However, this 
run will assume birth rates lower than the 1960 levels. Declining birth rates 
are estimated by taking an average of the 1960 and 1965 birth rates for each 
relevant age group in the region. 
Assumption number 3 must again be altered when assumption number 1 is 
altered. With lower birth rates, the average number of children (0 to 13 
years in age) will also decline. Calculations of the average number of 
children per individual, with declining birth rates, for each of the relevant 
age groups are given in Appendix C. 
Table V.7 gives the demographic projections for Run IV in 1980. Births 
in 1980 are only 23.5 per cent less than when 1960 birth rates were held con­
stant but are 96.0 per cent less than when increasing birth rates were as­
sumed. The total population is 8.4 per cent less than for Run I and 26.4 
per cent less than for Run III. Net in-migration is less in 1980 than in pre­
vious runs. Indeed, the 14 to 19 age group lost population in 1980. 
While increasing birth rates had an expansionary effect on the economy, 
declining birth rates tend to retard that expansion. The lower population re­
duces final demand; the lower final demand reduces output; the high unemploy­
ment rates result in either net out-migration or very little net in-migration; 
and so on. 
Table V.8 summarizes 1980 economic projections for Run IV, and clearly 
shows the reduction in economic activity caused by declining birth rates. 
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Table V.7. Run IV (declining birth rates): births, deaths, net migra­
tion, population, and labor supply by age group, central 
Iowa, 1980 
Age group Births Deaths Net migration Population Labor supply 
0-13 
-
154 1,182 126,255 
14-19 1,323 38  14 47,075 15 ,630  
20-24 3,943 24 776 37 ,804  23 ,672  
25-44 4,994 120 97 0 116,756 79 ,522  
45-64 14 747 784 94,952 70 ,608  
65+ 
-
4,787 910 76,810 14,224 
Total 10,274 5,870 4,608 499,652 203,655 
Total final demand for all 17 sectors combined is 7.3 per cent lower than in 
the case of increasing birth rates. Employment is 7.6 per cent and 24.0 per 
cent lower for Run I and Run III, respectively, while output is 7.3 per cent 
and 23.2 per cent lower relative to Run I and Run III. 
Comparisons of Runs I, III, and IV demonstrate the substantial impact 
of a parameter change in the demographic section of the model upon economic 
variables as well as upon demographic variables. The close interrelation­
ships between the demographic and economic "systems" clearly indicate the 
incompleteness of models and studies that attempt,to predict magnitudes for 
variables in one system without regard to interaction with variables in the 
other. 
Table V.8. Run IV (declining birth rates): employment, output, capital stock, and final demand by 
industrial sector, central Iowa, 1980 
Employ- Out- Capital Net ex- Purchases Capital Total 
ment put stock ports House- State and Federal forma- final 
($1,000) hold loc. govt, govt. tion demand 
($1,000) 
1 Agriculture 10,605 307 ,068  302 ,346  32, 844  5,010 2 ,029  - 39 ,883  
2  Const, and 
;mining 
14,420 390,405 63,189 91,453 60,107 43, , 012  70 ,027  264,599 
3 Food and kin­
dred prod. 
5 ,921  466 ,339  102,745 86, 893  264 ,069  2 ,634  353 ,596  
4 Textile prod. 926  18 ,113  5 ,174  - 7 04 40 290 1 ,035  
5  Print, and 
publish. 
4,960 123,068 43 ,853  42, 07 6 9,152 6 ,858  210 58,296 
6  Chem. and 
al1ied 
1,011 92 ,643  40,353 26,642 240 165  27,047 
7 Other non­
durable goods 
5,473 115,208 60,159 38,435 6 ,802  2,991 48,228 
8 Furn., lumber 
and wood prod. 
1,239 32 ,306  6 ,649  9,261 100 3,251 12,612 
9 Prim, and fab. 
metals 
3 ,363  88 ,695  59 ,272  2,894 2,894 
10 Mach. except 
elect. 
4,753 195,700 74 ,093  20,834 77,780 98,614 
11 Elect- mach. 
equip, and 
supplies 
7 ,939  165,350 48 ,963  82 ,936  2 ,098  22 ,867  107,902 
12 Other dur.goods 3 ,197  85 ,737  36 ,828  - 9 ,339  1,452 12,287 23,079 
13 Transportation 6 ,684  164,003 260 ,004  - 33 ,268  11 ,718  13, 171 15,297 73,455 
14 Comm. and pub. 
util. 
4 ,104  185 ,532  501 ,438  17, 034  82 ,184  5 ,603  42 0 22,232 127,472 
15 Trade 42,2 95 337 ,958  199 ,500  10, 381  190 ,222  164 113 4,746 205 ,627  
16 Fin.,ins. and 
real est. 
24 ,360  977 ,633  918 ,700  330 ,  504  404 ,875  16,119 842  769 753,109 
17 Services 58 ,659  471 ,822  385 ,480  39, 092  201 ,791  63 ,251  3, 751 - 307 ,885  
Total 199 ,913  4 ,217 ,580  3 ,108 ,746  558 ,  824  1 ,449 ,341  200 ,049  61, 309  235 ,806  2 ,505 ,333  
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F. Run V: Productivity Changes 
Agricultural output is produced in the periphery (the seven counties 
contiguous to Polk County) of the study region, while economic activity in 
sectors 15, 16, and 17 (wholesale and retail trade; finance, insurance, and 
real estate; and services) is highly concentrated in Polk County, the center 
of the region (53, pp. 63-99). Recall that Section II.B referred to major 
employment shifts in the region from 1950 to 1960. Output per worker in 
agriculture was rising so rapidly that fewer and fewer workers were required, 
even though total output of this sector increased. Displaced workers in 
agriculture were not finding the manufacturing sectors to be major sources 
of employment because the rapid increases in productivity for workers in 
these sectors does not create a demand for many additional workers. In­
creased output in sectors 15, 16, and 17, however, requires additional workers 
as a result of the low productivity increases for workers in these sectors. 
Thus, employment in the periphery declines, while increasing in the regional 
center. 
As indicated in Section V.B, this trend in employment shifts is projected 
to continue. The projections are based upon annual increases in productivity 
of 5.2 per cent for workers in agriculture, and annual increases in output 
per worker of 1.6 per cent, 1.3 per cent, and 1.0 per cent for sectors 15, 
16, and 17 respectively. These trends were included in assumption number 5 
of Section V.B. 
In Run V, changes are made in the assumed annual productivity increases 
for sectors 1, 15, 16, and 17. The annual increase in output per worker in. 
agriculture is increased to 7 per cent. Annual increases in output per 
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worker in sectors 15, 16, and 17 are reduced to 0.5 per cent. The higher 
trend in. productivity in agriculture should result in more displaced workers 
from the periphery and the lower productivity increases in sectors 15, 16, 
and 17 are reduced to 0.5 per cent. The higher trend in productivity in 
agriculture should result in more displaced workers from the periphery and 
the lower productivity increases in sectors 15, 16, and 17 should absorb 
more of these displaced workers into the center of the region. The objective 
of this run is to demonstrate the capability of the model in determining the 
effect of productivity trends on the shift in employment from agriculture to 
the "service" industries or shifts in employment from the periphery of the 
region to the center. 
Table V.9 shows that these productivity changes result in a larger 
population than for any of the previous runs, although only slightly larger 
than for the increasing birth rate run (Run III). The relatively large popu­
lation has a noticeably different composition with respect to age group than 
does the large population in the case of increasing birth rates. Population 
in the 0 to 13 and 14 to 19 age groups is lower than for Run III. The 2 5 
to 44 age group is especially larger than for Run III. The productivity 
changes in this run resulted in relatively low unemployment rates; the latter 
served as an incentive, especially for the 25 to 44 age group, to attract 
additional workers into the region. 
When Run V is compared with the base run, it can be seen that the dis­
placed workers are absorbed into the "service" industries. Table V.IO shows 
that total employment in all 17 industrial sectors is 2 3.9 per cent greater 
than in the base run. The increased productivity for the agricultural sector 
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Table V.9. Run V (production 
and labor supply 
changes): births, deaths, net 
by age group, central Iowa, 1980 
migration, 
1 
Age group Births Deaths Net migration Population Labor supply 
0-13 - 213 3,184 177,139 
-
14-19 2,035 52 7 32 65,612 21,784 
20-24 6,318 33 1,864 53,140 33,274 
2 5-44 7,061 150 2 ,242  148,576 101,194 
45-64 13 848 1,596 109,246 81 ,238  
65+ 
-
4,945 949 79,837 14,785 
Total 15,427 6^241 10,567 633,550 2 52,275 
reduces employment for that sector by 3,566. These workers are easily ab­
sorbed into sectors 15, 16, and 17. Employment increases by 43.2 per cent 
for sector 15 (trade), 29.4 per cent for sector 16 (finance, insurance, and 
real estate), and 26.3 per cent for sector 17 (services). 
The reduction in productivity increases for sectors 15, 16, and 17 not 
only permits these sectors to absorb the displaced agricultural workers, but 
also attracts additional workers into the region to provide the level of 
output required from these sectors. By retaining the displaced agricultural 
workers in the region, final demand is maintained; and by attracting addi­
tional workers into the region, final demand increases. The increases in 
final demand result in a total output of $5,121,588,000 for the 17 indus­
trial sectors in 1980. 
Table V.IO. Run V (productivity changes): employment, output, capital stock, and final demand 
by industrial sector, central loisra, 1980 
Industria1 Emp1oy- Out - Capital Net ex Purchases Capital Total 
sector ment put stock ports Hou s e- State and Federal forma­ f inal 
($1 ,000)  hold loc. govt govt. tion demand 
1 ($1 ,000)  
1  Agriculture 8 ,845  359,560 349 ,860  32 ,844  6 ,352  2 ,573  - - 41,770 
2  Const, and 
mining 
18 ,137  491,022 74 ,747  115 ,961  76 ,215  54 ,538  92,743 339 ,458  
3 Food and kin­ 7,115 560,426 122  ,  023  86 ,893  334,835 3,340 - - 425,068 
k 
dred prod. 
Textile prod. 1 ,143  22 ,348  6 ,135  893  51 395 1,339 
5 Print, and 5,660 140 ,435  49,302 42 ,076  11 ,604  8 ,695  - 302 62,678 
6 
publish. 
Chem. and 
allied 
1,255 114 ,982  48,603 - 33 ,781  304  - 208 34 ,293  
7  Other non­ 6 ,819  143,539 72 ,126  - 48 ,736  8 ,625  - 3,729 61 ,090  
8 
durable goods 
Furn., lumber 
and wood prod. 
1 ,579  41,181 8,063 - 11 ,742  127  - 4,554 16 ,424  
9 Prim, and fab. 
metals 
4,225 111,421 68,906 3,712 3 ,712  
10 Mach. except 
elect. 
6,107 251,441 84 ,123  
- -
26 ,417  104,345 130 ,762  
11 Elect, mach. 
equip, and 
10 ,054  209 ,405  57 ,242  105,161 2 ,661  29 ,286  137,108 
12 
supplies 
Other dur.goods 4 ,034  108,175 42 ,466  11,842 1 ,842  15,853 29,537 
13 Transportation 8 ,372  205 ,415  312,703 - 42 ,184  14 ,859  16 ,700  20,819 94,562 
14 Comm. and pub. 
util. 
5 ,039  227 ,816  580 ,208  17 ,034  104 ,207  7 ,104  532 27 ,762  156,640 
15 Trade 65 ,456  420 ,698  241 ,788  10 ,381  241 ,198  2  08  144 6,479 258,411 
16 Fin.,ins. and 33,126 1,134,464 1,051,653 330,503 513,375 20 ,439  1,068 1 ,097  866 ,482  
17 
real est. 
Services 79,531 579 ,260  464 ,322  39,092 255 ,868  80,201 4,757 _ 379 ,918  
Total 266 ,500  5^21 ,588  3 ,634 ,270  558 ,824  1 ,837 ,739  253 ,661  77 ,739  311 ,284  3 ,039 ,252  
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G. Run VI: Export Experiment 
The growth of a region is often tied to the success of its export base 
(56, 61). The export base is also termed the economic base and defines that 
part of the regional economy which produces goods and services for sale out­
side of the region. 
The objective of Run VI will be to demonstrate the capability'of the 
model to show the effects of a reduction in trends for net exports. The 1960 
input-outpub model developed for the region in Section III indicated that the 
finance, insurance, and real estate sector was by far the major exporting 
sector in the region. An annual increase in net exports of 3.67 per cent for 
this sector was assumed in the base run. This estimate was based upon pro­
jections of state exports by Barnard and Maki (6). It is assumed in this run 
that net exports for this sector increase at the same annual rate as the pro­
jected growth in the population of the Midwest (67). It will be recalled 
that in deriving net exports for sector 16 in the input-output model the 
Midwest was considered the primary importing area. Thus, net exports for 
sector 16 in this run are assumed to grow at an annual rate of 1.3 per cent 
(the projected annual rate of population growth for the Midwest), rather 
than at 3.67 per cent as assumed in assumption number 7. 
The lower trend in the expansion of exports for sector 16 results in 
a 3.7 per cent reduction in the 1980 population. Table V.ll also shows that 
net in-migration for 1980 falls by 77.5 per cent relative to the base run. 
Relatively high unemployment rates resulting from the decline in exports 
create a negative net migration for the 14 to 19 age group. 
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Table V.ll. Run VI (export experiment): births, deaths, net migration, 
population, and labor supply by age group, central Iowa, 1980 
Age group Births Deaths Net migration Population Labor supply 
0-13 - 172 874 140,896 -
14-19 1,611 41 -222 51,320 17,039 
20-24 4,848 25 635 40,234 25 ,193  
25-44 5,698 121 559 118,238 80 ,531  
45-64 11 747 626  94,831 70,518 
65+ 
-
4,786 896  76,774 14,217 
Total 12,168 5 ,892  3,368 522 ,292 207 ,498  
Table V.12 shows that employment in sector 16 in 1980 is 19.0 per cent 
below the level of employment for this sector in the base run . However, 
the decline in employment does not end with the sector that suffers a de­
cline in the growth of its exports. A comparison of Tables V.2 and V.12 
shows the employment in .all other sectors declines as a result of the de­
cline in exports for the finance, insurance, and real estate sector, al­
though not to the extent as for the involved sector. 
The decline in employment results in relatively high unemployment rates 
which tend to retard net in-migration and, thus, population growth and final 
demand. Output can only expand slowly with the slow growth in final demand. 
A slow expansion in output creates little demand for additional workers; 
resulting in a high unemployment rate which tends to discourage net in-
migration. The interaction between the demographic and economic systems is 
Table V.12. Run VI (export experiment): employment, 
dustrial sector, central Iowa, 1980 
Capital ~"NeF c.ï 
put stock ports 
output, capital stock, and final demand by in-
Industrial 
sector 
Employ 
ment 
Purchases 
($1,000) 
House- State and Federal 
hold loc. govt, govt. 
Capital 
forma­
tion 
($1,000) 
Total 
f inal 
demand 
1  Agriculture 
Const, and 
10,719 310,363 305,767 32, 844  5 ,237  2 , 121  -
07 6 
40, 2  02  
2 14,578 394 ,671  64 ,519  95,597 62  , 831  44, 961 70, 
3 
mining 
Food and kin­ 6 ,109  481 ,194  106,010 86 ,  893  276 ,034  2 ,753 - 365, 680  
dred prod. 
285 064  4 Textile prod. 936  18 ,304  5,259 736  42 - 1, 
5 Print, and 5,008 124,251 44 ,310  42, 07 6 9,566 7 , 168  - 206 59, 017 
publish. 
170 28, 270 6 Chem. and 1 ,038  95,112 41,549 27 ,849  251 -
allied 
50, 480  
7 Other non­ 5,633 118,576 62 ,190  40,177 7 ,110 - 3, 193 
durable goods 
046  12, 831  8 Furn., lumber 1 ,259  32 ,825  6 ,824  9 ,680  105 - 3 > 
and wood prod 
049 049  9  Prim, and fab. 3 ,431  90,479 61 ,222  - - - 3, 3 5 
metals 
186 99, 964 10 Ma ch. except 4,817 198,311 76 ,897  - 21 , 778  - 78, 
elect. 
493 112, 381 11 Elect, mach. 
equip, and 
8 ,218  171,151 51 ,219  86 ,694  2 , 194  23, 
12 
supplies 
Other dur. goods 3,283 88 ,042  38 ,463  9 ,762  1 ,518 - 12, 921 24, 202  
13 Transportation 6 ,814  167,171 266 ,908  34 ,776  12 , 249  13, 768  15, 007 75, 800 
14 Comm. and pub. 4 ,239  191,670 522 ,896  17, 034  85 ,907  5 , 857  439 23, 552 132, 798  
util. 
214, 410 15 Trade 43 ,468  347 ,333  205 ,637  10, 381  198 ,841  172 118 4, 897  
16 Fin.,ins. and 21,517 863 ,541  813 ,589  208 ,  115 423,220 16 , 849  880  644 649 ,  7 0S 
17 
real est. 
Services 60 ,036  482 ,898  395 ,032  39 ,  092  210,934 66 ,117 3, 921 - 32 0, 064  
Total : 201,105 4 ,176 ,092  3 ,068 ,291  436 ,  435  1,515,010 209  ,115 64, 087  238 ,  735 2 ,463 ,  385  
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a process that continues to feed the dampening effect of a reduction in 
exports throughout the regional economy. 
H. Run VII: Changes in Per Capita Final Demand Trends 
In the seventh and final computer run, some changes are made with 
respect to assumption number 8 in Section V.B. In the current run, the 
annual increase in per capita purchases are reduced by 50 per cent for 
three sectors. Specifically, the following changes are made: (1) the 
annual increase in per capita federal purchases from the transportation 
sector is reduced from 6.19 per cent to 3.10 per cent, (2) the annual 
increase in per capita state and local purchases from the other nondurable 
goods sector is reduced from 3.67 per cent to 1.78 per cent, and (3) the 
annual increase in per capita household purchases from the finance, in­
surance, and real estate sector is reduced from 6.56 per cent to 3.28 
per cent. 
The objective of this run is to demonstrate the capability of the 
model to forecast the influence of changes in the growth of purchases by 
these three final demand categories. The results should point to the 
possible influence of state and local government policy, as well as federal 
government policy, with respect to manipulating final demand in a region. 
The reductions in per capita purchases are associated with a 5.4 per 
cent reduction in the population relative to the base run projections for 
1980. Run VII, as shown in Table V.13, is the only computer run in which 
net out migration occurs in the terminal year. Table V.14 shows that out­
put falls by 15.0 per cent relative to the base run. The lower output re-
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Table V.13. Run VII (changes in trends in final demand): births, deaths, 
net migration, population, and labor supply by age group, 
central Iowa, 1980 
Age group Births Deaths Net migration Population Labor supply 
0-13 - 170 -336 138,245 -
14-19 1,593 41 -743 50,225 16,676 
2 0-24 4,785 25 168 39 ,266  24 ,587  
25-44 5,640 120 -443 116,016 79 ,018  
'45-64 11 743 226  93,895 69 ,822  
65+ 
-
4,780 863  76,632 14,191 
Total 12 ,028  5 ,879  -265 514,279 204 ,294  
suits in higher unemployment rates; hence the higher out-migration. The 
level of all final demand categories declines except for net exports. 
Total final demand for all 17 industrial sectors declined by 16.3 per cent. 
Thus 5 the influence of reductions in annual increases in per capita federal 
government, state and local government, and household purchases can be 
traced through in the following order: growth in final demand is reduced, 
output growth is reduced, unemployment increases, out-migration increases, 
population growth is retarded, growth in final demand is reduced, and so on. 
The results of this run point to implications for federal and state 
and local government fiscal policy. If the objective of policy makers is 
to increase growth in a region, an increase in purchases by governments 
at the federal, state, or local governments is necessary. Government 
Tabic V.l'-l-. Run VII (changes in trends in final demand): employment, output, capital stock, and 
final demand by industrial sector, central Iowa, 1980 
Industrial Employ­ Out­ Capital Net ex­ Purchases Capital Total 
ment put stock ports House­ State and Federal forma­ final 
($1 ,  000)  hold loc. govt • govt. tion demand 
($1 ,000)  
1 Agriculture 10 ,480  303 ,440  301,035 32 ,844  5 ,156  2 ,088  - - 40,089 
2 Const, and 13 ,641  369 ,309  62,163 - 94,130 61 ,867  44 ,271  57,039 257,308 
3 
mining 
Food and kin­ 6 ,025  474 ,550  105,181 86 ,893  271 ,799  2,711 361,403 
4 
dred prod. 
Textile prod. 885  17 ,302  5,083 _ 725 41 224 991 
5 Print, and 4,908 121,758 43 ,732  42,07 6 9 ,420  7 ,058  - 164 58,718 
6 
publish. 
Chem. and 
allied 
1 ,002  91,814 40 ,689  
-
27 ,422  247 
-
144 27,812 
7  Other non­ 5 ,299  111,545 59 ,665  - 39 ,561  4 ,940  - 2,668 47,169 
8 
durable goods 
Furn., lumber 1,178 30,704 6 ,570  9 ,532  103 2,311 11,946 
and wood prod. 
9  Prim, and fab. 
metals 
3 ,203  84 ,466  59,175 2,600 2,600 
10 Mach. except 
elect. 
4,300 177 ,024  73 ,093  21 ,444  63,481 84,92 5 
11 Elect, mach. 
equip, and 
7 ,792  162 ,294  49 ,943  85 ,364  2 ,160  19,593 107,116 
12 
supplies 
Other dur.goods 302  81,104 37 ,203  _ 9,613 1,495 10 ,349  21,456 
13 Transportation 6 ,205  152 ,250  249 ,828  - 34 ,242  12 ,062  7,510 11,868 65 ,682  
14 Comm. and pub. 
util. 
4 ,036  182 ,454  512 ,822  17 ,034  84 ,589  5,767 432 18 ,687  126 ,509  
15 Trade 42 ,080  336 ,238  201 ,901  10 ,381  195 ,7  91  169 117 4 ,054  210,511 
16 Fin.5 ins. and 19,185 769 ,940  739 ,333  330 ,504  222 ,993  16,591 867  .440 571,395 
17 
real est. 
Services 58 ,420  469 ,898  388 ,369  39 ,092  207 ,698  65 ,103  3 ,861  — 315 ,754  
Total 191 ,664  3  , 936 ,090  2  , 935 ,785  558 ,824  1  , 298 ,035  203 ,846  57,058 : 193 ,622  2  , 311 ,384  
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programs, such as increased unemployment compensation, designed to main­
tain or increase household purchasing power will also support economic 
growth in a region (given the level of taxes required for government spend­
ing). 
I. Variation Among Runs Over Time 
Sections V.C through V.H discussed computer runs involving parameter 
changes relative to the base run. The six runs involving parameter 
changes were primarily discussed in terms of differences from and similari­
ties to the base run projections in the terminal year, 1980. The parameter 
changes involved alterations in the assumptions stated for the base run 
in Section V.B. 
A more general analysis of all runs through time appears desirable. 
Comparisons are made of the projections of major variables under alterna­
tive assumptions. The comparison of runs includes a ranking of the runs 
in terras of the magnitude of the projected variable. Also considered 
are measures of central tendency and variation in results from the seven 
computer runs. The major variables considered are total population, popu­
lation by age group, total employment, total output, total final demand, 
final demand by category, and total private capital stock. 
Figure V.4 shows the projections of total population over time from 
19Ô0 to 1980 under alternative assumptions. The base run provided an in-
between estimate at all five year intervals throughout the time period. 
Runs V, III, and II provided higher estimates, and Runs VI, VII, and IV 
provided lower estimates. As shown in Figure V.4, Run V exceeded Run III 
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RUN Z POPULATION 
625,000;-
600,000 
RUN n 
550,000; 
BASE RUN 
525,000 
450,000 
1965 1970 1975 1980 
Figure V.4. Total population for alternative computer runs, by five 
year intervals, 1960-1980 
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only toward the end of the period. Thus, the assumptions of low trends 
in productivity in the "service" industries (Run V) and increasing birth 
rates (Run III) gave the high projections for total population, while the 
assumption of declining birth rates (Run IV) gave the lowest projections. 
Table V.15 shows that the arithmetic mean for the seven runs with 
respect to total population ranged from 476,428 in 1955 to 560,424 in 
1980. As a relative measure of the variation in total population among 
computer runs, the coefficient of variation is used.^ Table V.15 shows 
that the coefficient of variation with respect to total population ranged 
from 0.51 in 1965 to 9.89 in 1980. The increased variation among runs 
with time is clearly indicated by the widening range of results in Figure 
V.4. 
The projections at five year intervals are summarized graphically 
for the six age groups in Figures V.5 and V.6. As in the case of total 
population, the base run provided the in-between projection for all age 
groups at all five-year intervals. The runs rank in the same order for 
the 0 to 13 and 14 to 19 age groups as for total population. While the 
run with increasing birth rates provided the highest estimate of popu­
lation for these two age groups, for the remaining age groups it was out­
ranked by the run assuming lower productivity in the "service" industries. 
Run IV (declining birth rates) provided the smallest estimates at all five 
year intervals for the first four age groups, except for the 2 5 to 44 age 
groups in 1980 when Run VII provided the lowest estimate. Run VII (reduc­
tion in trends for final demand) also provided the lowest estimate for the 
^Coefficient of variation = standard deviation (lOQ). 
mean 
Table v.15.  Measures of central tendency and variation in results from alternative computer runs, by 
five year intervals, 1965 to 1980 
Arithmetic mean 
1965 1970 1975  1980  
Total population 476,428 490,480 516,336 560,424 
0-13 age group 130,727 132,899 140,500 155,056 
14_19 46,466 48,071 50,988 56,232 
20-24  34 ,092  36 ,390  39 ,501  44 ,334  
25-44 112,972 112,888 117,616 127,733 
45-64  92 ,469  92 ,972  94 ,832  99 ,326  
65+  59 ,752  67 ,263  72 ,899  77 ,743  
Total employment 161,045 166,856 187,797 221,338 
($1,000) ($1,000) ($1,000) ($1,000) 
Total final demand 1,357,358 
Total output 2,303,586 
Total capital stock 1,692,107 
Total net exports 360,7 06 
Total household purch. 806,152 
Total states and local 
govt, purch. 109,703 
Total fed. govt, purch. 23,881 
Total cap. formation 56,916 
1 ,584 ,017  
2 ,693 ,267  
2 ,036 ,496  
410 ,875  
971.239 
134 .240  
32 ,968  
38,313 
2  ,  027  ,  3  1  4  2  ,  7  07  ,  637  
3 ,429 ,931  4 ,563 ,442  
2 ,615 ,436  3 ,298 ,137  
470 ,454  541 ,340  
1,215,801 1 ,597 ,944  
171,623 
46,577 
122 ,843  
224 ,089  
67 ,902  
272 ,184  
Coefficient of variation 
1965  1970 
0.51 
1.57 
0.58 
0.16 
0.00 
0.00 
0.00 
1.04 
1 .63  
3.78 
2.46 
1.84 
1.05 
0.53 
0.12 
3.04 
1975 
4.59 
8.36 
6.77 
6.19 
4.08 
2.11'  
0.45 
8.38 
1980 
9 .89  
15.71 
13 .69  
13.41 
9.71 
5.69 
1.53 
12.46 
1.05 3.06 7.77 11.01 
0.95 2 .48  7.54 10 .66  
0.85 2.72 5.16 8.52 
2.20 4.38 6 .50  8 .55  
1.10 2 .92  6.60 12.49 
0.50 3 .26  4.69 10.03 
1.18 2 .82  6 .16  11.68 
5.44 19.09 48.63 20.56 
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Figure V.5. Population by age group (0-13, 14-19, 65+) for alternative 
computer runs, at five year intervals, 1960-1980 
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FiguTt; V.o. Population, by age group (20-24, 25-44, 45—64) for alterna­
tive runs at five year intervals, 1960-1980 
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remaining two age groups at most five-year intervals. 
Figures V.5 and V.6 show that for all age groups the range of esti­
mates increases with time. Table V.15 shows that for all age groups the 
coefficients of variation also increased in size over time. This is not 
surprising since parameter changes for the different runs were in the form 
of different assumptions regarding various trend factors usually stated in 
terms of annual rates of change. Figures V.5 and V.6 also shows that a 
relatively wide range exists in the projections for the 0 to 13 age group, 
while only a very small range exists for the 65 and over age group. 
The coefficients of variation for the six age groups in Table V.15 
are most interesting. For all age groups and for all time periods, the co­
efficients decline in size from the youngest to the oldest age group. 
Thus, parameter changes cause less variation in the size of older age 
groups than in younger age groups. This is partly explained by the fact 
that two of the parameter changes are with respect to birth rates; which, 
of course, influence the size of the younger age groups. In addition, all 
parameter changes influenced the unemployment term in the model, which in 
turn, influenced the levels of in-and-out migration and population size. 
The influence of unemployment rates upon migration appears to be less for 
the older work-age groups, especially with respect to the 65+ age group. 
Projections of total final demand under alternative assumptions are 
presented in Figure V.7. As in the case of the population variables, the 
base run is the in-between run. Runs III, V, and II give higher projections 
of final demand than does the base run, while Runs IV, VI, and VII give 
smaller projections. Table V.15 shows that the arithmetic mean for all 
\ 
nO 
\g?o 
îi.'è^ '^ '^  
•to5-^  e^-3-"'-
tîN* 
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seven runs increased from $1,357,358,000 in 19Ô5 to $2,702,637 in 1980. 
The coefficients of variation for this variable increased from 1.05 in 
1965 to 11.01 in 1980. 
Figures V.8 and V.9 show the projections for output and employment 
over time under alternative assumptions. The graphed projections for 
these two variables are very similar to those shown in Figure V.7 for total 
final demand. This is to be expected since in the model presented in 
Section IV output is a function of final demand. In turn, the model de­
termined employment levels by use of output-employee ratios and the level 
of output. The coefficients of variation for employment and output tend 
to be very similar in size to those mentioned above for total final de­
mand. 
Capital stock as determined in the model is a function of output and 
capital-output coefficients. Since capital stock follows the same path 
over time as output, it is not shown graphically. Table V.15 shows that 
the coefficients of variation for this variable were similar in size through 
time to the coefficients for output. 
With respect to final demand categories, total net exports were the 
same in all years for all runs, except for Run VI in which the trend in ex­
ports of industrial sector 16 was lowered. (Export levels were exogenous 
to the model.) With only this parameter change influencing the level of 
exports, the coefficients of variation among runs for this variable over 
time were still relatively large; ranging from 2.20 in 1965 to 8.55 in 1980. 
Since total household purchases make up the bulk of total final demand, 
it is not surprising that the coefficients of variation for this variable 
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are very similar in size over time to those discussed above for total final 
demand. The arithmetic mean for computer runs with respect to total state 
and local government purchases ranged from $109,7 03,000 in 1965 to 
$224,089 in 1980, while for total federal government purchases the arith­
metic mean ranged from $23,881 in 1965 to $67,902 in 1980. The variation 
among runs with respect to these two variables was also very similar to 
variation among runs with respect to total final demand. 
It is with respect to the last final demand category (total capital 
formation) in Table V.15 that the greatest variation among runs occurred. 
The coefficient of variation for this variable went as high as 48.63 or 
nearly four times larger than the coefficient of variation for any other 
variable. This relatively high coefficient of variation occurred in 1975. 
Thus, capital foruation is the only variable for which the variation among 
runs did not continue to increase over the simulation period nor was the 
arithmetic mean for the seven runs at its lowest point in 1965, relative to 
the other five year interval values. 
Figure V.IO shows that after 1970 a wide range of results occur in the 
levels of capital formation associated with the various runs. Note, also, 
the decline in total capital formation from 1960 to 1980 because of the 
acceleration principle, (namely, that a region's needed capital stock de­
pends primarily upon the level of production). Additions to the stock of 
capital take place only when output is growing. Thus, capital formation 
is not only a function of the level of output but also of the growth in out­
put. 
For no years from 1960 to 1970 did output decline, but during this 
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period output was expanding slowly. From 1970 to 1980 output was expand­
ing relatively rapidly and this required sharp increases in investment. 
Capital formation, as a final demand category in the model, is determined 
by gross investment and the capital coefficients matrix. An increase in 
..gross investment also increases the demand for capital production by capi­
tal producing sectors. 
J. Inference for Public Services 
The present study has provided information about the past, present, 
and future trends in demographic and economic variables in the greater 
Des Moines metropolitan region. Chapter II considered recent trends and 
magnitudes in key demographic and economic variables. Chapter III dis­
cussed economic interdependence among industrial sectors in 1950; relation­
ships that were assumed to be relatively stable. After the development of 
a regional planning model in Chapter IV, projections of the region's people 
and economy were made in earlier portions of this chapter. 
Such information about the past, present, and future of a region's 
people and economy can be of value to individuals and groups of individuals 
in making decisions concerning investing in a business, building schools 
and hospitals, constructing government buildings, changing jobs, moving to 
another community, providing adequate public services, etc. Emphasis in 
this section is placed upon how the projections presented above can be used 
in planning for adequate public services for the region. The projections 
have implicitly assumed that the level and mix of public services were such 
that they had a neutral effect on population and economic growth of the 
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region. Actually, the level and mix of public services are factors that to 
some degree influence the locational patterns of firms and individuals (24, 
p. 70; 63). 
The technique used in making inferences about required expenditure 
levels for public services in the future is to select the primary indicator 
of the needs of a particular public service category, project its future 
level, and apply current expenditure data. For example, the primary indi­
cator of the need for police and Eire protection may be the size of the 
population. The population is projected to some future date and current 
per capita expenditures for police and fire protection are multiplied times 
the projected population to obtain a projection of expenditures for police 
and fire protection. 
In all cases in this section, the primary indicator of the needs of a 
particular public service category have been projected to 1980 by the simu­
lation model. Actually, population and industrial output by sector are the 
only two indicators used in this section for making inferences about the 
future level of required public services. Consideration is first given to 
the estimated level of expenditures for eight public service categories (in­
cluding total expenditures) in 1980. These estimates are based upon pro­
jected population levels and recently observed expenditure per capita terms-
Next, consideration is given to future water needs in physical terms; i.e., 
millions of gallons. These estimates are based upon projected dollar output 
by industrial sector and the number of gallons of water used in 1958 per 
dollar of output by each industrial sector. 
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Detailed and highly accurate inferences for the effect of population 
and economic growth upon public services would require the spatial alloca­
tion of this growth. For example, the cost of providing for additional 
sewage facilities for projected population and industrial output increases 
will vary, depending upon whether or not the growth was in areas where 
sewage facilities already exist. The development of models to spatially 
allocate projected increases in population and economic growth is a problem 
area that needs additional research. 
1. Public services influenced by population 
Expenditures for eight major public service functions (including total 
expenditures) on a per capita basis in 1962 for all local governments in the 
region are presented in Table V.16. Based upon these per capita consump­
tion values for public services and projections of the population for 
various computer runs, discussion is directed toward the expected levels 
of public service expenditures in 1980. Estimates of these levels are 
based upon 1962 per capita expenditure levels and no attempt is made to 
determine trends in per capita expenditures. Caution must be practiced 
when using a given year's per capita estimate or when comparing per capita 
expenditures for two different years. This is because expenditures for 
some public services tend to be "lumpy". For example, the building of a 
hospital will likely send that year's expenditures for the health and 
hospital category far above levels observed for several more years, until 
another community in the region builds another hospital. 
Table V.16 presents estimates for eight major expenditure categories 
assuming constant 1962 per capita cost. For all eight expenditure cate-
Table V-16. Estimated public service expenditures by regional local governments in 1962 and 1980 
by computer run: constant 1962 per capita cost 
Expenditure Per capita Base Runs 
category 19623  
($ )  
run 
($1 ,000)  II III IV V VI VII 1962 
($1 ,000)  
Total 213.74 115,818 123 ,672  135  ,  024  106 ,796  135 ,415  111,635 109,922 98 ,768  
Education 109.62 59 ,399  63 ,537  69 ,249  54 ,772  69,450 57,254 56 ,375  50,656 
Highways 25.41 13 ,769  14,728 16 ,052  12 ,696  16 ,098  13 ,271  13 ,068  11,740 
Public welfare 5.34 2 ,894  3 ,095  3 ,373  2 ,668  3 ,383  2 ,789  2 ,746  2 ,466  
Health and hospital s  12 .96  7 ,022  7 ,512  8 ,187  6 ,475  8 ,211  6,769 6,665 5 ,988  
Police and fire 
protection 8 .99  4,871 5 ,210  5,679 4,492 5,696 4,695 . 4,623 4,155 
Parks and recreation 4.57 2 ,476  2 ,649  2 ,887  2 ,283  2 ,895  2 ,387  2 ,350  2,110 
Sewerage 5 .89  3 ,192  3 ,414  3 ,721  2 ,943  3 ,732  3 ,076  3,02 9 2 ,721  
^The 1962 Census of Government (75, pp. 41-50) total expenditures by county were aggregated for 
the region and divided by the 1960 regional population to obtain the per capita figures. 
gories, the estimates of expenditure levels based upon Run I (base run) 
projections of the population are in-between estimates relative to the 
other computer runs. Runs V, III, and II, in that order, ranked higher 
than the. base run in terms of the size of the resulting expenditure esti­
mates. Runs IV, VI, and VII, in that order, ranked below the base run. 
The rankings are of course the same as the runs ranked with respect to 
total population in 1980. 
Comparisons of 1962 expenditure levels with estimates of 1980 levels 
shows increases ranging from approximately 8 per cent for Run IV to nearly 
38 per cent for Runs V and III. Since all increases were based upon popu­
lation increases, the percentage increases were approximately the same as 
the percentage increase in population for that run, and all expenditure 
categories increased by nearly the same per cent for a given run. For the 
base run, all expenditure categories increased by approximately 17 per 
cent over 1962. 
2. Water use as related to industrial output 
Estimates of future industrial water needs in millions of gallons are 
presented in Table V.17. Dollar output by industrial sector is used as 
the indicator of future water use. The number of gallons of water used 
per dollar of output is based upon Barnard's (5) estimates for 1958. It 
is assumed that water use per dollar of output will be the same in 1980 
as that estimated for 1958. A wide range exists among industrial sectors 
in water use per dollar of output. The communications and public utilities 
sector uses 952.9 gallons of water per dollar of output, while the finance, 
insurance, and real estate sector uses only 1.6 gallons per dollar of output. 
Table V.17. Estimated water requirements by industrial sector, central Iowa, 1950 and 1980 
• Industrial sector Gal. of (Millions of gallons) 
water/ 
$ output 
Run 
^ Basal II III IV V VI VII 1960 
1 Agriculture 12 .1 3 ,917  4 ,096  4,348 3,715 4,351 3 ,755  3 ,672  2,141 
2 Const, and mining 25.0 10,658 11,316 12,635 9 ,760  12,276 9 ,867  9 ,233  4.746 
3 Food and kindred prod . 17.3 8 ,583  9,041 9 ,680  8 ,068  9 ,695  8 ,325  8,210 4,343 
4 Textile prod. 30 .8  603  638  7 01 558  688  564 533 253 
5 Print, and publish 7.5 965 1,001 1 ,055  92  3  1,053 932  913 624 
6 Chem. and allied 60.0 6,004 6 ,372  6 ,962  5,558 6 ,899  5,707 5,509 2 ,197  
7  Other non-durable 38 .8  4,847 5,147 5 ,663  4,470 5 ,569  4,601 4 ,328  1 ,858  
goods 
S Furn., lumber and 75.5 2 ,670  2 ,848  3 ,188  2,439 3 ,109  2,478 2.318 962  
wood prod. 
9 Prim, and fab. 22 .8  2 ,216  2 ,349  2,644 2 ,022  2,540 2,063 1,92 6 894 
metals 
10 Mach. except elect. 19.1 4 ,168  4 ,433  5,179 3 ,738  4 ,802  3 ,788  3,381 2,404 
11 Elect, mach. equip. 7.6 1 ,380  1,466 1,646 1,257 1,591 1 ,301  1,233 346 
and supplies 
12 Other dur. goods 48.3 4 ,579  4 ,848  5,546 4,141 5 ,225  4,252 3,917. 1,697 
13 Transportation 4.4 784 834 923  722  904 736 670 422 
14 Comm. and pub. util. 952 .9 192  , 223  202 ,435  224 ,938  176,793 217 ,086  182 ,642  173,860 67,711 
15 Trade 6.3 2,301 2,445 2 ,672  2 ,129  2,650 2 ,188  2,118 1,263 
16 Fin., ins. and 1.6 1,644 1,714 1,816 1,564 1,815 1 ,382  1 ,232  612 
real est. 
17 Services 23.5 11,902 12,605 13,644 11,088 13,613 11 ,348  11 ,043  6,485 
Total 2 59,444 273 ,589  303,240 238 ,945  2  93 ,866  245 ,929  234 ,096  98 ,958  
^Estimated sectoral water use coefficients for state of Iowa in 1958 are used in arriving at a pro­
jected water usage. Work by Barnard (5, Table 1-A) is source of water use coefficients 
bwater use is measured in terms of water requirement or amount of water withdrawn from ground, 
stream, lake or reservoir. 
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As all sectors for all runs show a projected increase in output from 
1960 to 1980, water use by all sectors for all runs is also projected to 
increase. Water use is of course projected higher for those runs with 
the larger projected outputs. In terms of estimated total water use for 
all sectors in 1980, the base run provides an in-between estimate relative 
to the other runs. Runs III, V, and II, in that order, ranked below the 
base run. Runs VI, IV, and VII, in that order ranked below the base run. 
Runs VI, IV, and VII, in that order ranked below the base run. With only 
a few exceptions, the runs ranked in the same order with respect to water 
use by the individual industrial sectors. 
Discussion of comparisons for 1960 water use with estimates of 1980 
levels are limited to estimates for the base run. The base run estimate 
of total water use by the 17 industrial sectors in 1980 is 162 per cent 
greater than for 1960. Percentage increases for the individual sectors 
ranged from 299 per cent for the electrical machinery, equipment, and sup­
plies sector to 55 per cent for the printing and publishing sector. In 
terms of relative size, water use by the individual sectors is projected 
to show some shifting. These shifts include a relative decline in the 
importance of water use by the following sectors: non-electrical machinery, 
agriculture, and printing and publishing. A relative increase in the im­
portance of water use is projected for the following sectors: chemical 
and allied products; electrical machinery, equipment, and supplies; and 
other durable goods. 
As indicated in footnote b of Table VI.17, water use is measured in 
terms of the amount of water withdrawn from the ground, stream, lake or 
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reservoir. Thus, the provision of part of this water supply, especially 
for agriculture, does not involve a responsibility of local governments. 
Also, it should be noted that estimates of future water use is with re­
spect to industrial needs and does not include needs of the population. 
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VI. SUMMARY AND CONCLUSIONS 
A. Problem Setting and Study Region 
This study has suggested the difficulty small governmental units have 
in providing the level and quality of public services needed and demanded 
by the people. In recent years there has become an increased awareness 
that areawide planning is necessary for metropolitan areas, rather than 
just planning for individual cities and towns within the urban area. For 
example, Iowa legislation in 1966 authorized multi-county metropolitan plan­
ning commissions for the purpose of carrying out development studies and 
coordinating area development. 
The Central Iowa Regional Planning Commission (CIRPC) provides an ex­
ample of one of the multi-county metropolitan planning commissions authorized 
by the above mentioned legislation. This Commission is a voluntary organiza­
tion of representatives from a multi-county area centered around Des Moines; 
the same area with which the present study is concerned. One of the primary 
objectives of the Commission will be to study the need for and development 
of facilities which will enable efficient provision of those public services 
that can be more efficiently provided through areawide planning, rather 
than just planning at the individual county or town level. 
Recognition of the need for areawide planning is only the initial 
step. An additional problem is that of obtaining studies and projections 
for the region which will serve as a background for satisfactory regional 
planning and local decision-making. It is this problem area with which 
the objectives of this study were concerned. The general objective of this 
study was to develop a model that is capable of providing a regional plan­
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ning group for the multi-county region with useful information and projec­
tions in planning for the growth and development of the region. 
The size of the multi-county region considered in this study is 
equivalent to a functional economic area, or the area described by the ap­
proximate 50-mile commuting zone centered on a principal urban center. 
More specifically, this study was concerned with eight central Iowa coun­
ties (Polk, Boone, Story, Dallas, Jasper, Madison, Warren, and Marion) 
centered around Des Moines. 
These eight counties jwere considered as a region in Section II. The 
8-county region had a population of 462,094 in 1960, which was 16.8 per 
cent of Iowa's total population. The region's rate of population growth 
from 1950 to 1960 (12.4 per cent) was over twice as great as for the state 
(5.2 per cent). Only two counties (Polk and Warren) in the 8-county region 
experienced a net in-migration from 1950 to 1960. In 1960, 72.3 per cent 
of the region's population was urban, which represented a 20.5 per cent 
increase in urbanization over 1950. From 1950 to 1960 the region showed 
an increase in the per cent of people under 18 years and 65 years and over, 
while the 18 to 64 age group showed a percentage decline. 
The most important changes in the region's economy from 1950 to 1960 
were shifts in employment structure. The introduction of improved farm 
technology has resulted in a substitution of capital for labor in agricul­
ture. The net results was a 32 per cent decline in agricultural employment 
from 1950 to 1960, and a 25 per cent reduction in number of farms from 1954 
to 1964. The decline in employment in agriculture has been mor^ than off­
set by employment increases for most manufacturing and "service" industries. 
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The "service" industries have especially experienced high increases in em­
ployment. Similar shifts in the employment structure have been experienced 
by the state of Iowa and would be expected in agricultural areas experienc­
ing increased urbanization. 
B. Structural Characteristics of the Regional Economy 
The first objective of this study was to prepare procedures for de­
termining the structural characteristics of the economy of an eight-county 
region in central Iowa. The development of an input-output model applicable 
to the central Iowa economy was the procedure used in accomplishing this 
objective in Chapter III. Input-output analysis involves the concept of 
economic interdependence or the way in which individual sectors of the 
economy are tied together. More specifically, the problem of determining 
economic interdependence is one of determining the amount of inputs re­
quired from each industry to produce one dollar's worth of output in a 
given industry. 
The input-output model developed in this study contains 17 industrial 
sectors. National input-output coefficients were applied to the 1960 
dollar output of these 17 sectors to develop an interindustry transactions 
table, which provides a detailed representation of structural relation-
ships in the region's economy. Final demand components (net exports, 
household purchases, state and local government purchases, federal govern­
ment purchases, and capital accumulation) were also estimated. The model 
was developed entirely from secondary data. 
The input-output table, as presented in Table III.3, shows how the 
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output of each sector is distributed among other industrial sectors and 
final demand categories. Alternatively, it indicates the inputs to each 
industry from other industries and sectors. The values in the table are 
expressed in terms of dollar value to the producer. 
The direct requirements matrix presented in Table III.2 was used in 
obtaining the total requirements matrix presented in Table III.5. The 
total requirements matrix shows the total expansion of output in all in­
dustries as the result of a sale from a processing sector to a final demand 
category. The column totals in Table III.5 show relatively large total 
multiplier effects of a $1 increase in final demand for the following sec­
tors; food and kindred products, other nondurable goods, other durable 
goods, and textile products. 
The industry outputs required to satisfy projected levels of final de­
mand can be found through use of the following: 
X = (I - A)-l . Z 
where X is the total output vector, (I - A) ^  is the total requirements 
matrix, and Z is the final demand vector. This method was included in 
the simulation model used in this study. Thus, the development of an in­
terindustry transactions table in this study provided the basis for de­
veloping the output and final demand sectors of the simulation model pre­
sented in Chapter IV, as well as providing an understanding of structural 
relationships in the region's economy. 
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G. The Regional Development Planning Model 
The second objective of this study was to develop a model that was 
dynamic and capable of generating economic and demographic projections 
under alternative assumptions at the multi-county level. A dynamic model 
was needed to properly account for feedback and time-related relationships 
in the economy. Since both economic and demographic projections were ob­
tained from the model, it was desirable to develop a model in which economic 
and population growth were interdependently determined. 
The model used in this study contains five sectors: demographic, 
employment, output, final demand, and capital. The demographic sector ac­
counts for population, deaths, births, and migration by age group. The 
employment sector accounts for the labor-force supplied by each work-age 
group, for the labor-force required for industrial output, and for the un­
employment rate. The model determines the unemployment rate in each simu­
lation based upon the difference between the available labor-force and the 
required labor-force simulation. The output and final demand sectors are 
based upon the input-output model developed in Section III. Input-output 
model relations were included within the simulation model. Output and 
total final demand by industrial sector were determined in each simulation. 
In addition, final demand categories are determined in each simulation by 
industrial sector. The capital sector account of capital stock, deprecia­
tion, and gross investment by industrial sector. 
The model includes numerous linkages and feedback relationships among 
sectors of the model. The demographic and employment sectors are linked 
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by labor force participation rates and by migration equations. Labor-
force participation rates by age group determine the available labor force 
and the migration equations, which include the relationship that migration 
is to some degree dependent upon the unemployment rate, by age group par­
tially determine the population. A major feedback loop results from these 
linkages: population and labor-force participation rates determine the 
available labor-force, the available labor force partially determines the 
unemployment rate, the unemployment rate partiallly determines migration 
by age group, migration by age group partially determines population by age 
group, and so on. The migration equations for some age groups included the 
direct influence of available labor-force on migration. 
Output-employee ratios served as the linkage between the employment 
and output sectors. Output-employee ratios by sector applied to output 
by sector permitted the determination of the required labor force. Pro­
ductivity increases in output per worker by industrial sector were taken 
into account. 
The output and final demand sectors of the model were linked by the 
total requirements matrix. Thus, output by sector is determined by the 
input-output relationship which makes output a function of final demand. 
Three categories of final demand (household purchases, state and local 
government purchases, and federal government purchases) were linked to the 
demographic sector by population changes. Purchases for these three cate­
gories were stated on a per capita basis. Thus, population changes in­
fluenced their levels. Capital accumulation was linked to the capital 
sector of the model in the manner summarized below. Net exports by indus-
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trial sector were exogenous to the model. 
The capital sector was linked to the output sector through capital-
output coefficients by industrial sector. Annual changes in the size of 
the gross capital stock by industrial sector provided a measure of gross 
investment by each industrial sector in each simulation. The annual change 
in the size of the gross capital stock by industrial sector also provided 
a linkage between the capital sector and the final demand category of 
capital accumulation. Application of a capital coefficients matrix to 
gross investment by sector determines the level of capital accumulation by 
sector in each simulation. 
The determination of the capital stock by sector in each simulation 
completes a feedback loop among the output, final demand, and capital sec­
tors of the model. Capital accumulation as a final demand category in­
fluences the level of output by industrial sector, and output by industrial 
sector determines the capital stock by sector. In turn, changes in the 
capital stock by industrial sector influence capital accumulation by in­
dustrial sector. 
The model contained 54 equations which were arranged in a recursive 
sequence. In the recursive system, the solutions to equations depend upon 
the current and/or lagged values of variables solved for earlier in the 
sequence of equations. Base year (1960) data were used as values for the 
lagged variables to obtain solutions for the first year of simulation 
(1961). After the first year of simulation, the model generates all re­
quired data, since the outputs or solutions for year (t) become the inputs 
for year (t + 1). Most of the 54 equations were disaggregated for the 
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computer model. Disaggregations were based upon age groups and industrial 
sectors. The computer model consisted of 420 different equations. 
Thus 5 a model was developed that is capable of generating projections 
of a multi-county region's economy and people. Projections can be made of 
the magnitude of such major variables as population, births, deaths, and 
migration by age group; and employment, output, final demand, and capital 
stock by industrial sector. Various projections can be derived by making 
alternative assumptions with respect to exogenous variables and trend fac­
tors in the model. 
D. Projections of the Region's People and Economy 
The third objective of this study was to prepare procedures for pro­
jecting the region's economy and people to 1980 under a variety of alterna­
tive assumptions. Computer simulation is the technique used in arriving 
at the projections. Seven runs of the computer model were made, each 
yielding a set of projections of the people and the economy of the Des 
Moines metropolitan region. The seven runs result from alternative as­
sumptions regarding (1) labor-force participation rates, (2) birth rates, 
(3) productivity increases, (4) export trends, and (5) trends in household 
state and local government, and federal government purchases. 
The base run projected the total population for the 8-county region at 
541,864 in 1980. This represented a 17.3 per cent increase over the 1960 
population. This represents a slightly greater growth in population than 
Maki (47, p. 3) has projected for the state of Iowa, 14.2 per cent from 
1960 to 1980. The region is projected to have an average annual rate of 
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growth for the state. The projection of a higher population growth rate 
for the region than for the state is consistent with observed rates from 
1950 to 1960. All age groups are projected to increase in population by 
1980. The 65 and over age group is projected to show the largest per­
centage growth, while the 25 to 44 age group is expected to experience 
only a slight increase. 
Total regional employment in the 17 industrial sectors is projected 
to be 215,040 in 1980, or 31.9 per cent higher than in 1950. By compari­
son, Maki (475 p. 3) has projected a 24.7 per cent increase in total em­
ployment for the state. The projected average annual rates of growth in 
total employment are 1.6 for the region and 1.2 per cent for the state. 
Employment in agriculture is projected to decline by over 5,000 workers from 
1960 to 1980, while output for this sector is projected to nearly double 
during this period. Most of the manufacturing sectors show little increase 
in employment from 1960 to 1980. However, all manufacturing sectors show 
a projected increase in output; but as a result of relatively high in­
creases in output-per-worker, these sectors do not appear to be major 
sources of increased employment for the future. It is such noncommodity 
sectors as trade; finance, insurance, and real estate, and services that 
are projected to absorb much of the future employment. This is consistent 
with observed employment shifts from 1950 to 1950. Total net private 
capital stock and total final demand are projected at $4,52 5,859,000 and 
$2,687,359,000 respectively in 1980. Each of the five categories of final 
demand were larger in 1980 than in 1960 with household purchases continu­
ing to dominate the five categories. 
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The second computer run assumed national rather than state trends in 
labor-force participation rates. The national trends were lower for the 14 
to 19 and 20 to 24 age groups. Projections for population, final demand, 
output, capital stock, and employment were higher than for the base year. 
The lower trends in labor force participation rates resulted in lower un­
employment rates which encouraged net in-migration. 
Runs III and IV demonstrated the capability of the model to determine 
the influence of increasing and declining birth rates upon demographic and 
economic variables. Run III assumed increasing birth rates and Run IV 
assumed declining birth rates, while the base run held birth rates con­
stant at their 1960 levels. The larger population resulting from higher 
birth rates raises final demand to higher levels than in the base run, and 
the higher level of final demand induces greater output. The increase in 
output calls for more workers, some of which migrate into the area in re­
sponse to the relatively low unemployment rates. While increasing birth 
rates has an expansionary effect on the economy, declining birth rates tend 
to retard expansion in the economy. The lower population reduces final 
demand; the lower final demand reduces output; the lower output results 
in higher unemployment rates; the higher unemployment rate results in 
either net out-migration or very little net in-migration; and so on. 
Run V demonstrates the influence of productivity changes in terms of 
annual rates of change in output per worker by industrial sector. The an­
nual increase in productivity was raised, relative to the base run, for 
workers in agriculture and lowered for the three "service" sectors (sectors 
15, 16, and 17). Employment in these three noncommodity sectors increased 
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considerably relative to the base run, while employment in agriculture de­
clined. The reduction in productivity increases for the three "service" 
sectors permitted these sectors to not only absorb the displaced agricul­
tural workers but to also attract additional workers into the region to 
provide the level of output required from these sectors. By retaining the 
displaced agricultural workers in the region, final demand is maintained; 
and by attracting additional workers into the region, final demand ar i 
output increase. 
The sixth run is an experiment with trends in net exports. The annual 
rate of increase in net exports for the finance, insurance, and real es­
tate sector is reduced relative to the assumed base run trend. Employment 
in this sector in 1980 is below that in the base run. Employment in all 
other sectors also declined but not to the extent as the involved sector. 
The decline in employment results in relatively high unemployment rates 
which tend to retard net in-migration. This tends to retard population 
growth, which in turn, tends to reduce the growth in final demand. Out­
put can only expand slowly with the slow growth in final demand, which 
creates little demand for additional workers. This results in relatively 
high unemployment rates which tends to discourage net in-migration, and so 
on. 
Run VII involved reductions in per capita final demand trends. These 
reductions resulted in a decline in population and output relative to the 
base run. Total final demand for all 17 industrial sectors also declined. 
The influence of the changes may be traced through in the following manner: 
growth in final demand is reduced, output growth is reduced, unemployment 
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increases, out-migrâtion increases, population growth is retarded, growth 
in final demand is reduced, and so on. 
A comparison of the results for all seven runs from 1960 to 1980 
shows that the base run usually provided in-between estimates for nearly 
all variables. Runs III, V, and II provided relatively high estimates, 
while Runs IV, VI, and VII provided relatively low estimates. The magni­
tude of nearly all variables increased throughout the simulation period. 
Exceptions were the 0 to 13 age group for Run IV, the 25 to 44 age groups 
for most runs from 1960 to 1970, and capital formation for all runs from 
1960 to 197 0. Variation among runs with respect to all major variables 
(except capital formation) increased throughout the 2 0 year period. The 
variation among runs with respect to capital formation was greatest in 
197 5. In addition, the coefficient of variation for this variable was 
much greater than for other variables throughout the period. 
Projections for small areas are more meaningful if they can be com­
pared to similar projections for larger areas of which the small area is 
a component. Comparisons of relative growth rates projected for the study 
region and the state in terms of population and employment were discussed 
above in summarizing the base run. Since the base run provides estimates 
of variables of variables that are close to averages for all seven runs, 
it appears to be the best run to compare with Maki's (47, p. 3) state pro­
jections. With these comparisons, it is expected that the greater Des 
Moines metropolitan region will show a slightly more rapid rate of popula­
tion growth and economic growth (measured in terms of employment) from 1960 
to 1980 than will the state of Iowa. 
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E. Projections Related to Public Service Requirements 
The fourth objective of this study was to demonstrate the possible 
use of the projections in regional planning. Inferences were made with 
respect to the level of required public services in 1980. The technique 
used in making these inferences was to select the projected primary indi­
cator of the needs of a particular public service category and apply cur­
rent expenditure data. Total population was used as the primary indicator 
of need for eight expenditure categories (total, education, highways, pub­
lic welfare, health and hospitals, police and fire protection, parks and 
recreation, and sewerage). Estimates of these levels are based upon 1962 
per capita levels for these categories. Comparisons of 1962 expenditure 
levels with estimates of 1980 levels show increases ranging from approxi­
mately 8 per cent for Run IV to nearly 38 per cent for Runs V and III. 
For the base run, all expenditure categories increased by approximately 17 
per cent over 1962. 
Dollar output by industrial sector is used as the indicator of future 
water use. The number of gallons of water used per dollar of output was 
based upon state estimates for 1958. Since all sectors for all runs show 
a projected increase in output from 1960 to 1980, water use by all sectors 
for all runs is projected to increase. Water use is of course projected 
higher for those runs with the larger outputs. The base run estimate of 
total water use by the 17 industrial sectors in 1980 is 162 per cent 
greater than for 1960. This compares with projections by Barnard (5, 
Table 4-A) of only a 72.2 per cent increase from 1960 to 1980 in total 
industrial water use for the state. 
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F. Limitations of the Analysis and Recommendations for 
Further Research 
Limitations -of the analysis result from three primary causes: in­
adequate data, limitations of the model itself, and the need to spatially 
allocate projected population and economic growth. 
1. Data limitations 
Confidence in projections of the region's people and economy is re­
duced by the inadequacy of the data that was used in developing some sec­
tors of the model for the base year. Two different data problems existed. 
In the first case, secondary data was not directly available for all vari­
ables considered. Secondly, in those cases where secondary data were 
available, it was usually out-of-date. Survey data was needed to solve 
both problems. However, the cost of surveying the region's economy re­
duced the desirability of this approach. 
The development of an input-output model for the region is a clear 
example of inadequate secondary data for the region. As secondary data 
are not directly available for the region for certain variables, national 
and state data must be used. The region's share of the national or state 
total for some variables are determined by an allocative device, such as 
the per cent of employment in the region relative to the state or nation. 
The greatest weakness of this study appears to be due to the fact that 
survey data was not used in adjusting national input-output coefficients 
for those sectors of the regional economy that differ from the national 
pattern in production techniques. Survey data are also needed to check 
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and to adjust the entries for the exogenous sectors which in this study-
were primarily estimated from a state input-output model. Of course 
even if the input-output table for 1960 developed in this study were en­
tirely accurate, there would constantly be a need to update the table with 
survey data. This leads to the second type of data problem, lack of current 
secondary data. 
The base year in this study was I960. Thus, 1960 values for variables 
were used in the computer model to provide the required data for the first 
year of simulation, 1961. In addition, several trends assumed for major 
variables used in the model were based upon 1950-1960 trends. The problem 
is that this study was done in 1968 and many changes have occurred in the 
' demographic and economic sectors of the region since 1960. For example 
1960 employment and output values for the non-electrical machinery sector 
do not take into account the opening of a John Deere Company plant in Des 
Moines in 1967. The need for survey data to adjust the 1960 census data 
is clear, unless one chooses to wait for 1970 census data before carrying 
out the analysis. 
Even though data limitations reduce confidence in the 1960 input-
output table and projections generated by the model, it does not limit the 
accomplishment of the general objective of this study; i.e.,to develop a 
model that is capable of providing an area planning group for central Iowa 
with useful information and projections in planning for the growth and de­
velopment of the region. 
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2. Limitations and possible expansions in the model 
The demographic sector of the model in this study did not consider a 
sufficient number of age groups. For example, the 0 to 13 age group needs 
to be disaggregated to permit a more exact determination of school age 
children. Also, the 2 5 to 44 age group clearly needs to be disaggregated 
because labor-force participation by females 35 to 44 years is quite dif­
ferent (higher) than for females 25 to 34 years of age. This points out 
another weakness of the demographic sector; the model included no disag­
gregation on the basis of sex. However, labor-force participation rates 
are different for males than females and the factors that influence fe­
male migration. A definite advantage of the model is that it easily per­
mits these additions. The primary reason that the model was not expanded 
to include these disaggregations was because of the lack of adequate data 
for the region. 
Migration equations were estimated by regression analysis and served 
as a linkage between the demographic and employment sectors of the model. 
The unemployment rate was used as a variable that partially explained mi­
gration. The unemployment rate in each simulation was also the adjustment 
mechanism that was supposed to maintain balance between the demographic 
and employment sectors. When the unemployment rate was high, out-migration 
would increase and reduce the population and labor supply. When the un­
employment rate was low, in-migration would increase and result in increases 
in the population and labor supply. An analysis of the computer runs showed 
that this adjustment mechanism did not work entirely satisfactory. The un­
employment rate often remained relatively low or high for several years; 
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indicating it was not having a substantial influence on in- and out-
migration. This is not surprising, since the regression analysis indi­
cated that unemployment rates were not a major determinant of migration. 
Thus, there is need to consider migration as related to other vari­
ables that could serve as adjustment mechanisms, in addition to the unem­
ployment rate. One possibility to consider for future research is that 
net migration is largely determined by the interaction of the unemployment 
rate and the relative wage. The low unemployment rates in the area indi­
cated that most people who migrate are not unemployed. For an employed 
person to improve his position in another location, he would need both a 
suitable job and a relatively higher wage. If only one is available without 
the other, the migrant would be better off staying where he is. The in­
clusion of a relative wage in the model would not only influence migration 
but also to some degree influence labor-force participation rates within 
the region. It will be recalled that in Section IV.B migration was con­
sidered as a function of a variety of variables. However, the relative 
wage was not one of the variables considered. To consider migration as 
the interaction of the unemployment rate and the relative wage is an idea 
obtained from Seymour E. Goldstone ...an idea obtained after the above 
regression analysis on migration equations had been carried out.^ 
As the input-output model served as the basis for development of an 
output sector in the model the weaknesses discussed above with respect to 
the 1960 regional input-output model apply to this sector of the model. In 
1 
Goldstone, Seymour E., Battelle Memorial Institute, Columbus, Ohio. 
Private communication. August, 1958. 
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short, survey data is needed to adjust the national input-output coeffi­
cients which determine the linkage between the output and final deraand sec­
tors of the model, i.e., the total requirements matrix. Also, depending 
upon the purpose of the study, a greater disaggregation of industrial sec­
tors might be desirable. 
Another weakness in the final demand sector of the model is that no 
consumption function was developed for households. Rather, in each simu­
lation, household purchases by sector were determined by multiplying the 
new population value times the new per capita consumption value. A new per 
capita household purchases value by sector was determined by estimating 
trends in household purchases by sector. The inclusion of an income sec­
tor would have increased the realism of developing a consumption function. 
An income sector was not included in this model because emphasis was 
placed upon inferences of the projections for required public services 
rather than upon the ability of the region to support public services. 
The fact that an income sector can be added to the model is an indication 
of the strength of the model as a regional planning tool. The flow chart 
of the model (Figure IV. 1) shows how the model can easily be expanded to 
include an income sector. In terms of the flow chart, an income sector 
could be added to the right of the final demand sector of the model. House­
hold consumption functions by industrial sector would serve as the linkage 
between the income and final demand sectors of the model. 
In addition to a model that projects total personal income, it may 
also be desired to project disposable income and personal savings. Work 
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by Maki, Suttor, and Barnard (48) at the state level provides an example 
of equations designed for such projections. 
Figure IV.1 shows that the relationship between changes in net capital 
stock by sector and trends in labor productivity was only indirectly taken 
into account- Considerations of future research to improve the model should 
include the development of production function relationships by sector 
that would directly take into account in each simulation the influence in 
changes in the size of the net capital stock by sector on labor productivity 
by sector. 
Despite these limitations, a model has been developed that is capable 
of generating projections of the economy and people of a metropolitan re­
gion. It is a model that accounts for feed-back and time-related relation­
ships in the regional economy. It is a model that accounts for economic 
and demographic interdependency. As presented in Section V, projections 
based upon parameter changes in the economic system and/or in the demo­
graphic system of the model clearly demonstrated the incompleteness of 
studies that attempt to predict magnitudes for variables in one system 
without regard to interaction with variables in the other system. 
3. Spatial allocation of projections 
A final limitation of the analysis results from the fact that de­
tailed and highly accurate inferences for the effect of population and 
economic growth upon public services would require the spatial allocation 
of this growth. For example, the cost of providing for additional sewage 
facilities for projected population and industrial output increases will 
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vary, depending upon whether or not the growth was in areas where sewage 
facilities already exist. No attempt was made to spatially allocate 
population and economic growth in this study. The development of models 
to spatially allocate projected increases in population and economic 
growth is a problem area that offers opportunity for future research. 
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IX. APPENDIX A. CENTRAL IOWA AS A REGION 
A. Geographical Location 
The location of the study region with respect to the Midwest is shown 
in Figure IX.1. Des Moines, the central and major city in the study 
region, ranked twelfth in population size in 1960 among all the cities lo­
cated within the 500 mile radius shown in Figure IX.1. In order, cities 
larger than Des Moines (1960 population of 266,315) in this Midwest area 
were: Chicago, St. Louis, Milwaukee, Minneapolis, Indianapolis, Kansas 
City, Louisville, Oklahoma City, St. Paul, and Omaha. Of similar size 
were Tulsa (261,685) and Wichita (254,698). The following cities had a 
population in the 100,000-2 00,000 range: Lincoln, Nebraska; Kansas City, 
Kansas; Madison, Wisconsin; Duluth, Minnesota; Rockford and Peoria, Illi­
nois; South Bend, Hammond, Gary, Fort Wayne, and Evansville, Indiana; 
Lansing and Grand Rapids, Michigan; and Little Rock, Arkansas. Within the 
state, the second largest city in 1960 was Cedar Rapids with a population 
of 92,035 and it is located slightly over 100 miles east of Des Moines. 
Population growth for Des Moines from 1950 to 1960 was 17.4 per cent. 
Of the cities in the midwest area larger than Des Moines, only Oklahoma 
City and Memphis had a more rapid rate of growth, 33.2 and 25.6 per cent 
respectively. Milwaukee's growth rate was about one per cent smaller than 
for Des Moines, while the remaining larger cities showed a substantially 
^The 1960 Census of Population (85) was the source of data for popu­
lation comparisons made in this section. Population data used in this sec­
tion are given for the central city rather than the metropolitan area. • 
Figure IX. 1. Study region position in. the Midwest 
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smaller rate of growth than Des Moines. St. Louis, Minneapolis, Kansas 
...City, and Chicago actually declined in population during this period. 
Although Des Moines had a 17.4 per cent increase in population from 1950 
to 1960, it had a 1,1 per cent loss in population from 1960 to 1966. Des 
Moines' rate of growth from 1950 to 1960, was small compared to the two 
cities in the area of similar size. Wichita showed a 51.4 per cent in­
crease and Tulsa experienced a 43.2 per cent increase. The percentage in­
crease in population for the 14 cities in the area with a population of 
100,000 to 200,000 ranged from a minus 1.9 per cent for Peoria, Illinois, 
to a positive 36.4 per cent for Rockford, Illinois. The arithmetic mean 
for the percentage change in population from 1950 to 1960 for these 14 
cities was 14.4 per cent. 
The position of the study region in Iowa is shown in Figure IX.2. 
Figure IX.2 also shows that the Des Moines regional area is currently sup­
plied with a highway system composed of a large number of primary and 
secondary roads. The region includes Interstate Highways 35 and 80; U.S. 
Highways 5, 30, 65, 69, and 169; and State Highways 14, 46, 60, 64, 92, 
141, 163, and 415. Marion is the only county that does not have a federal 
highway passing through it. Upon completion, Interstates 35 and 80 will 
serve as primary linkages between the geographical areas of the United 
States. Interstate 35 originates in Laredo, Texas, and runs north to 
Duluth, Minnesota. Interstate 80 originates at the New York metropolitan 
area, divides at Salt Lake City, with two extensions going to San Francisco 
1 
The Bureau of the Census (69) has conducted special censuses for 1966 
for certain municipalities. 
Figure IX.2. Map of study region showing highway system 
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and Portland, Oregon. 
Approximate commuting times between Des Moines and other municipali­
ties, with a 1960 population of 2,500 or more, are given in Table II.1 
for 1950 and 1967. Completion of the Interstate system in the region has 
reduced the travel time for those people living in municipalities near the 
Interstates. As shown in Table IX.1, all municipalities in the area with 
a population of 2,500 or more are within approximately one hour commuting 
time of Des Moines. 
Table IX.1. Estimated commuting times between Des Moines and major area 
municipalities 5 1950 and 1967 
Municipalities Minutes Minutes 
(1950) ( 1 9 6 7 )  
Ankeny 20.4 1 6 . 2  
Indianola 31.1 31.1 
A m e s  4 8 . 6  39.7 
Newton 4 4 . 4  39.9 
Perry 41.1 41.1 
Nevada 55.2 4 1 . 3  
Winterset 52.2 56.7 
Boone 4 6 . 9  4 6 . 9  
Bella 51.4 51.4 
Knoxville 59.9 59.9 
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The major airport for both passengers and freight in the area is the 
Des Moines Municipal Airport. The only other airport that provides com­
mercial passenger service within the area is located in Ames. In April, 
1968, a committee representing 17 communities in central Iowa recommended 
the study of a regional airport for central Iowa (41). This committee re­
sulted from the cooperative effort of local governments in the area.^ 
B. Demographic Base 
Before attempting to develop a model which can be used to project 
population and economic growth, some demographic and economic forces at 
work in the study region are cited. These forces account for the vari­
ables and trends included in the simulation model, which will be developed 
in Chapter IV. 
This section will only summarize magnitudes and recent trends in key 
demographic variables at the regional level. The summary of these varia­
bles is based upon a rather detailed study by the author of demographic 
variables in the region (53, pp. 10-62). The detailed study analyzed the 
demographic variables from the standpoint of the entire region, each county, 
and — in those cases where data were available -- individual cities and 
towns within the region with a population in excess of 2,500. The discus­
sion of variables in that study emphasized center-periphery relationships.^ 
^A review of local governments in the area by the author (53, pp. 2-10) 
provides a discussion of number and types of local governments and county 
government organization. 
2 Friedmann's (24, pp. 10-13) center-periphery model divides the space 
economy into a rapidly growing central region and its periphery, with the 
growth in the center subsidized in part by the periphery. 
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Thus, at the county level, comparisons of Polk County (the center) and 
the seven contiguous counties (the periphery) were made. 
1. Total population 
Largely due to Des Moines, with a 1960 population of 208,982, the 
8-county region accounted for a relatively high per cent of Iowa's total 
population, 16.8 per cent in 1960 (see Table IX.2). This compares with 
the eight counties accounting for only 8.3 per cent of Iowa's total land 
area. As a result, in 1960 the region had a population density more than 
twice as great as for the entire state; 99 and 49 persons per square mile, 
respectively. 
Table IX.2 also shows that the region population has been growing 
faster since 1950 than has the state population. From 1950 to 1960 the 
8-county region population increased 12.4 per cent, while the population 
for the state increased only 5.2 per cent. Based upon estimates of the 1965 
population by Doerflinger and Klimek (16), this trend has continued, with 
the eight counties showing an increase in population of 7.0 per cent from 
1960 to 1965 and the state shovjing only a 1.6 per cent increase. 
Note that from 1950 to 1960 the state of Iowa had a net migration of 
minus 8.9 per cent. Thus, during this time period more people moved out 
of than into Iowa. Consequently, Iowa's total population would have de­
clined from 1950 to 1960 had it not been for the natural increase, or ex­
cess of births over deaths. The same holds true for the 8-county region 
under consideration. Only two counties. Polk and Warren, experienced a 
net in-migration from 1950 to 1960 (see Figure IX.3). Of the counties 
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Table IX. 2. Population totals, densities, net migration, and natural 
increases, central Iowa, 1 9 5 0  and 1960 
County City Total • Total % % net % natural Land Pop./ 
pop. pop. change migration increase area sq.mi. 
1 9 5 0 *  1960b 1950-60^ 1950-60^ 1950-60% sq.mi. 1960% 
1 9 6 0 b  
Boone 2 8 , 1 3 9  2 8 , 0 3 7  -0.4 -8.6 8.3 573 49 
Boone 12,164 1 2 , 4 6 8  2.5 
Dallas ' 2 3 , 6 6 1  2 4 , 1 2 3  2 . 0  -7.6 9.5 597 40 
Perry 6,174 6 , 4 4 2  4.3 
Jasper 3 2 , 3 0 5  3 5 , 2 8 2  9 . 2  -6.2 15.4 734 48 
Newton 11,72 3 15,381 3 1 . 2  
Madison 1 3 , 1 3 1  1 2 , 2 9 5  -6.4 -13.2 8.8 564 22 
Winterset 3,57 0 3 , 6 3 9  1 . 9  
Marion 2 5 , 9 3 0  2 5 , 8 8 6  -0.2 -10.7 10.5 567 46 
Knoxville 7,625 7 , 8 1 7  2.5 
B e l l a  4,427 5 , 1 9 8  17 .4 
Polk 2 2 6 , 0 1 0  2 6 6 , 3 1 5  1 7 . 8  1.3 16.5 594 448 
Ankeny 1,22 9 2 , 9 6 4  1 4 1 . 2  
Des M. 177,965 2 0 8 , 9 8 2  17 .4 
Urban-
dale 1,777 5 , 8 2 1  2 2 7 . 6  
West D.M. 5, 615 11,949 1 1 2 . 8  
Windsor 
Heights 1,414 4 , 7 1 5  223.5 
Story 4 4 , 2 9 4  4 9 , 3 2 7  11.4 -7.4 18.8 5 6 8  87 
Ames 22,898 2 7 , 0 0 3  1 7 . 9  
Nevada 3,7 63 4 , 2 2 7  1 2 . 3  
Warren 1 7 , 7 5 8  2 0 , 8 2 9  17.3 3.5 13.8 572 36 
Indian-
ola 5,145 7 , 0 6 2  37.3 
Area, to tal 411,228 4 6 2 , 0 9 4  12 .4 4 , 6 7 9  9 9  
Iowa, to t a l  2 , 2 6 1 , 0 7 3  2 , 7 5 7 , 5 3 7  5 . 2  -8.9 14.1 56,044 4 9  
^Source: (78, pp. 36-38). 
^Source: (65, pp. 112, 122). 
171 
POLK 
A!\::\ENY 
INDAu ' 
WARREN 
INDIANOLA 
A 
LEG-.NO: 
o 
À 
o 
dCU;UUV 
25,000 -
! 0,000-
OR ^CORE 
-c0,000 
20,000 
5,000-S,&25 
2,500 - 4,SS9 
SHAD: :D GOUN" 
FFK}% ^DoO 
cvprrp^;2^\CED NET OUT-DJ!(GRATIO:)! 
0 I960. 
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showing a net out-migration, Madison, Boone, and Marion were the only-
counties in which the natural increase did not more than offset the net 
out-migration. 
The towns and cities given in Table IX.2 are only those in the region 
with a population of 2,500 or more. The region contained 14 towns and 
cities in this population range. Of these, seven were county seats. 
Figure IX.3 presents the spatial distribution of that portion of the popu­
lation living in the region's major municipalities. Approximately 7 0 per 
cent of the region's total population lived in these 14 municipalities in 
1960. Des Moines, with a 1960 population of 208,982, was approximately 
one and one-half times as large as the other 13 towns combined. Figure 
IX.3 shows that five municipalities were in the 5,000-9,999 range, four 
were in the 2,500-4,999 range, three were in the 10,000-20,000 range, and 
there was one each in the 25-30,000 and 250,000 or more ranges. 
All fourteen urban places experienced an increase in population from 
1950 to 1960, as shown in Table IX.2. The percentage increases ranged 
from a high 233.5 per cent for Windsor Heights to a low of 1.9 per cent for 
Winterset. Note further, that the four towns (Windsor Heights, Urbandale, 
Ankeny, and West Des Moines) that showed very high rates of growth (112.8 
per cent and up) in population from 1950 to 1960 were located near Des 
Moines, the only metropolitan center in the region. 
2. Urbanization 
Doerflinger and Klimek (16, p. 2) have demonstrated the trend toward 
urbanization by examining the residential composition of Iowa's population. 
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They find that since 1900 Iowa's rural population has declined by more 
than 300,000 people, while the urban population has increased about 2% 
times almost 1.5 million in 1960. Fifty-three per cent of Iowa's total 
population in 1950 was urban. 
As shown in Table IX.3, this urban trend has also been occurring in 
the 8-county area considered in this study. In 1960, 72.3 per cent of the 
region's population was urban. Polk County's population was 91.7 per cent 
urban, which was much higher than for the surrounding counties. All eight 
counties showed an increase in urban population from 1950 to 1960, and only 
three showed an increase in rural population. 
3. Age distribution 
The size of various age groups has important implications for public 
services. For example, a relatively large portion of the population is in 
the school-age group and will usually require a large portion of public 
expenditures for'educational facilities, park and playground facilities, 
etc. In Table IX.3, the population has been classified into three age 
groups: under 18 years, 18 to 64 years, and 65 years and over. The under 
18 years group covers pre-school and school-age people. The 18 to 64 
years group basically indicates the size of the work-age. group. The 18 
to 64 year age group not only has important implications with respect to 
the type of public services required, but also with respect to the ability 
of a community to provide public services, since the output and income of 
this group basically provides the tax base for the provision of public 
Tabic IX.3. Urbanization and age distribution, central Iowa, 1950 and 1960 
County Urban of: Change in ijop. 
total pop. Urban rural 
1 9 6 0  1 9 5 0 - 6 0 C  1 9 5 0 - 6 0 ^  
Percc-i.t^ 
Under 18 years_ 
1960k 
18-6 years 
19^ 
65 and over 
19503 ""1960b' 
Boone 
Dallas 
Jasper 
Madison 
Marion 
Polk 
Story 
Warren 
Area 
State 
4 4 . 5  
30.1 
4 3 . 6  
2 9 . 6  
50.3 
91.7 
6 3 . 3  
3 3 . 9  
7 2 . 3  
5 3 . 0  
2.5 
4 . 3  
31 .2  
1 . 9  
8.0 
2 2 . 1  
17 .1 
3 7 . 3  
20.5 
1 6 . 9  
- 2 . 5  
1 . 1  
-3.3 
-9.5 
-7.3 
-14.7 
2 . 6  
9j.l 
-4.6 
-5.5 
2 9 . 7  
3 0 . 6  
31.7 
3 2 . 5  
2 9 . 6  
2 8 . 9  
2 7 . 3  
3 2 . 5  
2 9 . 4  
3 3 . 3  
3 4 . 8  
3 5 . 9  
3 4 . 0  
3 2 . 6  
3 5 . 1  
3 1 . 3  
3 7 . 4  
3 4 . 6  
3 5 . 8  
5 8 . 2  
57.0 
58.5 
5 4 . 9  
59.0 
6 2 . 1  
64.3 
56.1 
60.8 
52.0 
5 0 . 6  
5 3 . 1  
5 0 . 2  
5 2 . 7  
5 5 . 2  
5 8 . 8  
51.2 
54.4 
52.3 
12.1 
13.2 
9.8 
1 2 . 6  
11.4 
9 . 0  
8.4 
11.4 
9 . 8  
10.4 
14.7 
14.6 
1 1 . 0  
15.8 
14.7 
9.7 
9.9 
11.3 
10.9 
11.9 
Source: ( 7 8 ,  pp. 83-99). 
^Source: (79, pp. 36-37). 
^Source: (81, pp. 10-11). 
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The 65 years and over group indicates the size of the retired segment of the 
population, and the size of this group influences the type of recreation 
facilities provided by the community and the need for welfare programs and 
hospital facilities. 
In 1960, the S-county region had a slightly higher per cent of people 
in the 18 to 64 category than did the state, 54.4 and 52.3 per cent re­
spectively. However, the state had a slightly higher per cent (35.8) of 
population in the under 18 years group than did the region (34.6). The 
state also exceeded the area in the per cent of people 65 years and over, 
11.9 and 10.9 per cent respectively» 
From 1950 to 1960 the region showed an increase in the per cent of 
people under IS years and 65 years and over; and, of course, a decline in 
the per cent of population IS to 64 years. Thus, the strain of providing 
for such public needs as education, recreation, and health facilities is 
falling upon a smaller portion of the population, as the work-age group 
declines in relative size. In comparing 1960 with 1950, Table IX.3 shows 
that all eight counties experienced an increase in the per cent of people 
under 18, and only Warren County showed a decrease in the per cent of 
people 65 and over. Thus, all eight counties showed a decrease from 1950 
to 1960 in the percent of population 18 to 64. 
A more detailed breakdown of age distribution for the entire region 
is given in Table IX.4. Eight age groups are given and each age group is 
divided into two categories based upon sex. Both the female and male seg­
ments of the population increased from 1950 to 1960 for most age groups. 
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Table IX.4. Age by sex, central Iowa, 1950 and 1950 
Area Area 
Age group 1950& 1960^ 
T o t a l  m a l e ,  a l l  a g e s  2 0 2 , 6 4 7  2 2 6 , 3 3 8  
1 o 2 1 , 8 2 2  2 6 , 3 8 7  
5-9 1 7 , 0 7 7  2 3 , 8 4 6  
10-14 1 5 , 0 6 9  2 0 , 7 4 5  
15-19 1 3 , 8 9 2  17,015 
2 0 - 2 4  16,711 1 5 , 2 5 1  
2 5 - 4 4  5 6 , 9 1 6  5 7 , 0 4 3  
45-64 4 1 , 9 3 0  4 4 , 2 2 9  
65 + 1 9 , 2 3 0  2 1 , 8 2 2  
T o t a l  f e m a l e ,  a l l  a g e s  2 0 8 , 5 3 7  2 3 5 , 8 0 0  
0
 
1 2 0 , 9 9 2  2 5 , 1 4 2  
5-9 1 6 , 6 1 0  2 2 , 8 4 6  
10-14 1 4 , 2 2 8  1 9 , 8 1 3  
15-19 14,528 1 7 , 7 6 6  
2 0 - 2 4  1 6 , 9 6 7  1 6 , 5 0 1  
2 5 - 4 4  5 9 , 1 5 6  5 8 , 9 0 9  
4 5 - 6 4  4 4 , 3 2 8  4 7 , 1 6 5  
65+ 2 1 , 7 2 8  2 7 , 5 8 6  
^Source: (78, pp. 83-99). 
^Source: (79, pp. 110-134). 
However, the exceptions are most interesting. The 20 to 24 and the 25 to 
44 groups for both sexes declined from 1950 to 1960. This supports the 
commonly held belief that young adults are the most mobile segment of the 
population, as they seek jobs outside the area.^ 
^Maki (47, p. 10) found that in 1950 a total of 466,700 people, who had 
at one time lived in Iowa, resided in the six contiguous states. In addi­
tion, the Iowa-born population residing in all other states totaled 716,000. 
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C. Tha Region's Economy 
This section summarizes magnitudes and recent trends in key economic 
variables at the regional level. As in the case of the demographic vari­
ables, the summary of economic variables is based upon a more detailed 
study by the author of economic variables in the region (53, pp. 53-111). 
1. Employment by sector 
Employment for 17 major industrial sectors is presented in Table IX.5 
for 1950 and 1960. The 1960 total employment for the 17 industrial sectors 
was 103,062. Sectors 17 (services) and 15 (trade) were by far the most im­
portant sectors in the area, accounting for 2 3 and 19 per cent respectively 
of the area's total employment. Sectors 1 (agriculture), 16 (finance, 
insurance, and real estate), and 2 (construction and mining) were also rela­
tively large sectors. Within the manufacturing category, the largest sec­
tors were 5 (printing and publishing) and 19 (machinery, except electrical). 
Table IX.5 shows that total employment was 13 per cent higher in 1960 
than in 1950. Of the 17 sectors, the following five actually showed a de­
cline in employment from 1950 to 1960: agriculture; textile products; 
chemicals and allied products; machinery, except electrical; and transporta­
tion.^ The 32 per cent decline in agriculture was the most noticeable. 
This decline has been accompanied by a decline in the number of farms, which 
will be discussed later in this cahpter. Sectors 17 (services) and 11 
^Coverage in 1950 for sector 13 (transportation) included SIC 43 (ex­
cept 433), whereas 1960 coverage did not. This could account for all or 
part of the decline in employment in this sector. 
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Table IX.5- Employment by sector, central Iowa, 1950 and 1960 
Sector 1950 1960 
1 Agriculture 2 4 , 6 5 8  1 6 , 8 4 7  
2 Construction and mining 10,771 11,049 
3 Food and kindred products 3 , 8 3 9  5 , 8 6 9  
4 Textile products 1,354 774 
5 Printing and publishing 4 , 8 2 7  6 , 1 7 8  
6 Chemicals and allied products 7  4 6  7  3 6  
7 Other nondurable goods 2 , 1 5 8  4,190 
8 Furniture, and lumber and wood products 721 9 0 0  
9 Primary and fabricated metals 2 , 1 6 2  2 , 8 4 7  
10 Machinery, except electrical 7 , 3 4 5  5 , 8 5 2  
11 Electric machinery, equipment and supplies 2 2 3  4 , 1 8 0  
12 Other durable goods 1 , 4 6 3  2 , 5 0 8  
13 Transportation 8 , 2 9 3  6 , 9 2 2  
14 Communication and public utilities 4 , 0 7 6  5 , 5 3 8  
15 Trade 3 4 , 2 2 7  3 4 , 4 6 0  
16 Finance, insurance and real estate 9 , 1 0 2  1 2 , 3 4 7  
17 Services 34,199 4 1 , 8 6 5  
Total 1 5 0 , 1 6 4  1 6 3 , 0 6 2  
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electrical machinery, equipment, and supplies) experienced relatively high 
increases in employment from 1950 to 1960. 
2. Unemployment and family income 
Changes in the unemployment rate and family income are often used as 
indicators of the strength of an economy. Unemployment rates are considered 
as a force which leads people to migrate, when developing the demographic 
sector of the simulation model in Chapter IV. 
Table IX.6 shows that in 1950 only three of the eight counties in the 
study region had a higher rate of unemployment than that for the state, 
which was 3.2 per cent. The mean rate of unemployment for the eight counties 
was 2.99 in 1960, which was higher than Ae mean rate of 1.82 in 1950.^ The 
rate of unemployment in 1960 was also higher than 1950 in each of the eight 
counties. This was also true for the state, with the rate of unemployment 
for the state being nearly twice as great in 1960 as 1950. 
As shown in Table IX.6, median family income in four of the counties was 
2 
lower than for the state ($5,069) in 1950. Median family income for Polk 
County in 1960 was substantially higher than for the contiguous counties. 
The county average for the seven contiguous counties was $4,871 as com-
1 The 1950 and 1960 Census definitions of unemployed are essentially 
the same: persons 14 years or over are classified as unemployed if they 
are not at work but looking for work. One difference is that the I960 
Census, counted people waiting to be called back to a job from which they 
had been laid off as unemployed, whereas the 1950 Census did not count 
this group as unemployed. 
^The 1960 Census (80, p. 18) definition of a family is: "A family 
consists of two or more persons living in the same household who are re­
lated to each other by blood, marriage, or adoption; all persons living in 
one household who are related to each other are regarded as one family." 
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Table IX.6. Unemployment rates and 
1 9 5 0  a n d  1 9 6 0  
median, family income, central Iowa, 
Percent unemployed Median family income 
County 1 9 5 0 ^  
% 
1 9 6 0 b  
% 
1 9 5 0 a  
$ 
1 9 0 0 b  
% 
Boone 2 . 9  4 . 6  3 , 0 8 9  4 , 7 6 3  
Dallas 1.5 3 . 3  2 , 9 5 2  4 , 8 3 1  
Jasper 1.2 2 . 3  3 , 0 3 5  5 , 3 4 5  
Madison 1.7 2.1 2 , 4 0 0  3 , 9 3 4  
Marion 1.3 2.5 2 ,536 4 , 6 0 0  
Polk 2 . 3  2 . 9  3,651 6 , 4 6 4  
Story 2 . 6  2 . 8  3 , 1 5 7  5 , 4 1 0  
Warren 1.1 3 . 4  2 , 5 7 8  5 , 2 1 7  
State 1.8 3 2 .  2 , 6 1 2 ^  5 , 0 6 9  
^ S o u r c e :  ( 7 8 ,  p p .  1 0 8 - 1 2 0 ,  1 2 2 - 1 2 4 ) .  
^Source: (80, pp. 167-168, 246-253). 
"^Families and unrelated individuals. 
pared with $ 6 , 4 6 4  for Polk County. 
The absolute increase in median family income from 1950 to 1960 was 
higher for Polk County than for the other seven counties. The increase 
for Polk County was $2,813, while the contiguous counties averaged an in­
crease of $2,034. 
In addition to the increases in median family income. Figure IX.4 
shows that there was a significant change in the distribution of incomes 
Figure IX.4. Change iii region family income distribution, 1950 and 1960 
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from 1950 to 1960. During this period there was a large decrease in the 
number of families in the low income brackets. Figure IX.4 shows that 62 
per cent of all families in the region earned less than $4,000 in 1950, 
while only 27 per cent were in this category in 1960. The most notice­
able change in the upper income brackets was in the $7,000-$9,999 category, 
which increased from less than 5 per cent in 1950 to nearly 22 per cent 
in 1960. 
3. Agriculture 
Table IX.5 showed that agriculture is no longer a major source of 
employment for the region's labor force. Most of the region's residents 
are employed in services, trade, and manufacturing sectors. The decline 
in employment in agriculture has been able to occur simultaneously with 
increased agricultural production due to improvements in technology. 
Table IX.7 shows that in 1964 the 8-county region contained 13,168 
farms, or 8.5 per cent of farms in the state. The 1964 number of farms 
for the region was 24.7 per cent fewer than in 1954, while the decline 
in farms for the entire state was 20,1 per cent. The 1960 Iowa farm 
census showed that the decline in farm numbers for the state was continu­
ing (19). This census showed that the state had 145,277 farms, or 4,885 
fewer than in 1964. This trend in fewer farms applies, as is well known, 
to the entire nation. In 1967, the Census Bureau reported that the farm 
population represented about 5-2 per cent of the nation's population (18). 
The Census Bureau also reported that from 1960 to 1967 the nations farm 
population had declined about 5.3 per cent annually. 
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Table IX.7. Farm numbers and size of farms, central Iowa, 1950 and 1960^ 
Total no. % change Av. size % change 
County of farms in no. of of farms in av. size 
1964 farms 1964 of farms 
1954-1964 (acres) 1954-1964 
Boone 1,647 -24.2 211 3 2 . 7  
Dallas 1,594 - 2 4 . 9  223 32.0 
Jasper 2,097 -22.1 211 27.9 
Madison 1,464 -21.2 235 26.3 
Marion 1,599 -24.1 201 23.3 
Polk 1,578 -32.2 185 38.1 
Story 1,560 - 2 6 . 5  223 34.3 
Warren 1,62 9 -21.7 2  0 4  2 2 . 9  
Area, total 13,168 -24.7 216 32.5 
State, total 154,162 - 2 0 . 1  219 23. 
^Sources: (64, pp. 9 6 ,  104; 65, pp. 120, 140). 
The decline in number of farms from 1954 to 1964 was accompanied by 
an increase in the average size of farms. Farms increased in average size 
by 37.5 per cent for the area and 23.7 per cent for the state. The av­
erage size of farms in the area in 1964 was 216 acres, which was only 
three acres below the state average of 219. Within the area, the average 
size of farms in 1964 ranged from 185 acres for Polk County to 235 acres 
for Madison County. 
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4. Manufacturing 
Manufacturing includes sector 3 through 12 in Table IX.5. Employment 
in manufacturing accounted for 19 per cent of the total employment in the 
region in 1960. Table IX.S shows that in 1963 there were 578 manufac­
turing establishments in the region or only 16.5 per cent of the state 
total. Total manufacturing establishments for both the region and the 
state declined slightly from 1958 to 1963. It should be remembered that 
declines in establishments could be more than offset by scale increases. 
Table IX.S. Manufacturing establishments, value added, and new capital 
expenditures, central Iowa, 1958 and 1963 
8-county 8-county 
region, State, region. State, 
1958& 1955a 19632 1963% 
Total number of 
establishments 592 3,567 57 8 3,496 
Value added by 
manufacturers, ad-
j u s t e d  ( $ 1 , 0 0 0 )  3 3 1 , 3 6 9  1 , 6 8 4 , 2 6 9  4 0 5 , 6 8 1  1 2 6 , 9 5 2  
Capital expenditure, 
n e w ,  ( $ 1 , 0 0 0 )  2 2 , 5 1 7  9 9 , 8 6 6  1 7 6 , 9 3 5  1 , 0 4 6 , 6 7 5  
^Source: (7 6, pp. 6-7). 
^Source: (77, pp. 7-8). 
Value added by manufacture in the region was $405,159,000 in 1963 
or 18 per cent of the state total. Value added by manufacture increased 
only 22 per cent for the area, as compared with a 36 per cent increase 
for the state from 1958 to 1963. Table IX.8 shows that new capital 
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expenditures in the region in 1963 were $14,681,000 or 12 per cent of the 
total for the state. Trends in new capital expenditures were most inter­
esting. The 1963 value for new capital expenditures in manufacturing was 
35 per cent lower than in 1958 for the region. However, for the state, 
the 1963 value was 27 per cent higher than in 1958. This suggests that 
plant capacity was not expanding as rapidly in the region as in the entire 
state. This is supported by previous discussion which showed that value 
added by manufacture had not been growing as rapidly in the region as in 
the state. 
Thus, regional trends in manufacturing during the late 1950's and 
early I960's present a less than optimistic scene: the total number of 
establishments declined, the value added increased at a noticeably lower 
rate than, for the state, and new capital expenditures were 35 per cent 
lower in 1963 than in 1958. 
5. Wholesale and retail trade 
Wholesale and retail trade data for 1958 and 1963 are presented in 
Table IX.9. There were 1,018 wholesale establishments in the region in 
1963 or 17 per cent of the state total. Both the region and the state 
experienced a slight reduction in wholesale establishment numbers from 
1958 to 1963. Total sales in wholesale trade in 1963 were $1,171,277,000 
which accounted for 2 5 per cent of the state total. Wholesale sales in 
1963, as compared with 1958, were 11 per cent and 8 per cent higher for 
the region and state respectively. 
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Table IX.9. Wholesale and 
central Iowa, 
retail trade establishment numbers 
1958 and 1963 
and sales, 
8-county 
region, 
1 9 5 8  
State 
1 9 5 8  
8-county 
region 
1 9 6 3  
State 
1 9 6 3  
Total wholesale 
Establishments (number)^ 1 , 0 3 2  6 , 2 8 6  1 , 0 1 8  6 , 0 2 5  
Total wholesale 
S a l e s  ( $ 1 , 0 0 0 ) 2  1 , 0 5 5 , 6 7 9  4,496,476 1 , 1 7 1 , 2 7 7  4, 7 2 3 , 7 4 2  
Total retail 
Establishments (number) 4,954 3 3 , 4 9 8  4 , 2 6 5  3 0 , 9 1 5  
Total retail 
S a l e s  ( $ l , 0 0 0 ) b  5 8 9 , 3 2 3  3 , 3 6 6 , 9 6 4  6 5 7 , 3 5 0  3, 8 8 7 , 5 9 9  
^Source: (73, pp. 8-11). 
^Source: (71, pp. 8-14). 
Table IX. 9 shows there were 4,265 retail establishments in the region 
in 1963 or 14 per cent of the state total. The number of retail firms in 
1963 was 14 per cent lower than in 1958 for the region and 10 per cent 
lower for the state. As evidenced by the increase in the number of large 
supermarkets, a decline in the number of retail establishments does not 
necessarily mean a decline in volume of sales. As shown in Table IX.9, 
total retail sales in the region in 1963 were $657,350,000 or 17 per cent 
of the state total. A comparison of 1963 sales with 1958 sales shows a 
12 per cent and a 17 per cent increase for the region and state respec­
tively. 
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6. Selected services 
The largest single employment sector in the region in I960, as shown 
in Table IX.5, was the services sector. Additional data for selected 
services in 1958 and 1963 are presented in Table IX.10. Selected services 
include the following: hotels, motels, tourist courts, camp; personal 
services--laundries, barber shops, etc.; auto repair, auto services, 
garages; miscellaneous repair services—electrical repair shops, watch 
repairs etc.; motion pictures; and recreation services. 
Table IX.10. Selected services establishment numbers and receipts, 
central Iowa, 1958 and 1 9 6 3 &  
8-county 8-county 
region State region State 
1 9 5 8  1 9 5 8  1 9 6 3  1 9 6 3  
Number of establishments 2,648 15,057 3,112 17,357 
Total receipts, ($1,000) 77,266 300,923 112,405 405,404 
^Source: (72, pp. 8-11). 
In 1963 there were 3,112 service establishments in the region. This 
represented 18 per cent of the state total. The number of service es­
tablishments in the region in 1963 was 18 per cent higher than in 1958. 
Receipts for service establishments in the region in 1963 amounted to 
$112,405,000 or 28 per cent of the state total. Receipts in 1963 were 
45 per cent higher for the region than in 1958 and 34 per cent higher for 
the state. 
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7. Employment, revenues, and expenditures of local governments 
To this point, attention in this section has been directed at the 
major industrial groups in the region. Local governments also play an im­
portant role in the economy of an area through their purchases and con­
struction. Tables IX.11 and IX.12 summarize employment, revenues, and 
expenditures of county governments and municipalities with a population 
of 10,000 or more. Tax revenue accounted for approximately 7 3 per cent 
of total revenue for the county governments, while property taxes alone 
accounted for approximately one-half of the total revenue for the five 
municipalities with a population of 10,000 or more. The major expenditure 
functions for county governments were health and hospitals, highways, and 
public welfare. Utility and highway expenditures were the largest ex­
penditure categories for the five largest municipalities in the region. 
Table IX.II. Employment and revenue, central Iowa local governments, 1957 
and 1952 
8-county governments. Municipalities with population 
total of 10,000 or more ^ 
1957D 1 9 Ô 2 C  I957D 1 9 6 2 C  
Employment (number) 2 , 0 1 8  2 , 1 8 2  2 , 5 4 3  3 , 1 6 9  
Total revenue ($1,000)17,571 2 2 , 7 6 8  19,000 2 5 , 3 8 6  
Tax revenue ($1,000) 1 1 , 9 6 5  1 6 , 6 2 2  - -
Property tax ($1,000) - - 8 , 3 1 9  1 2 , 9 5 1  
Intergovernmental 
revenus ($1,000) 2 , 9 7 6  2 , 8 5 7  1,344 4 , 5 2 5  
Charges and misc. 
general revenue 
( $ 1 , 0 0 0 )  2 , 6 2 8  3 , 2 7 9  3 , 7 8 6  6 , 8 3 5  
utility revenue 
( $ 1 , 0 0 0 )  
-
4 , 2 3 5  5 , 3 8 7  
^Municipalities with population of 10,000 or more in 1960 were: Ames, 
Boone, Des Moines, Newton, and West Des Moines. 
^Source: (74, pp. 25-40). 
^Source: (75, pp. 51-60). 
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Table IX.12. Expenditures by major functions, central Iowa local govern­
ments, 1957 and 1962 
8-county govern- Municipalities with population 
ments, total of 10,000 or more^ 
1 9 5 7 5  1 9 0 2 ^  1 9 5 7 °  1 9 6 2 C  
Total expenditures 
( $1 ,000 )  1 6 ,266  
Education ($1,000) 0 
Highways ($1,000) 5,806 
Public welfare ($1,000) 2,041 
Health arid hospitals 
( $ 1 , 0 0 0 )  4 , 5 9 3  
P o l i c e  ( $ 1 , 0 0 0 )  3 7 5  
F i r e  ( $ 1 , 0 0 0 )  
Sewer and sewage dis­
posal ($1,000) 
Natural resources 
($1,000) 132 
Parks and recreation 
($1 ,000)  
General control ($1,000)2,084 
Utility expenditure 
($1 ,000)  
2 1 , 1 7 6  1 8 , 6 8 3  2 5 , 2 7 1  
900 
5 , 9 4 8  2 , 9 6 1  4 , 1 9 2  
3,432 
6 , 4 6 6  7 9 4  2 , 3 7 0  
4 4 2  1 , 5 8 3  2 , 4 6 3  
1,481 2,509 
1,012 2,060 
853 
1 , 1 4 4  1 , 8 6 6  
1 , 2 5 7  7 9 6  5 9 7  
4 , 3 6 3  4 , 5 2 4  
^Municipalities with a population of 10,000 or more in 1960 were: 
Ames, Boone, Des Moines, Newton, and West Des Moines. 
^Source: (74, p p .  25-46). 
^Source: (75, pp. 55-60). 
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APPENDIX B. INDUSTRIAL SECTOR S.I.C. CODES 
Table X.l. Standard industrial classification of sectors used in regional study compared to sec­
tors contained in McCarthy's direct requirements table 
Description Area S.l.C. McCarthy S.l.C. 
sector code ' sector^ code 
Agriculture 1 0 1 , 0 2 , 0 7 ( e x .  0 7 1 3 )  1 0 1 , 0 2  
Construction and mining 2 10-17 ! 3,4 1 0 - 1 2 , 1 3 1 1 , 1 3 2 2 , 1 3 8 , 1 5 - 1 7 ,  part 
Food and.kind, prod. 3 0 7 1 3 , 2 0  24 ' 2 0 
Textile products 4 2 2 , 2 3  26 2 2 , 2 3 , 3 9 9 2  
Print, and publish. 5 27 2 8  27 
Chemicals and allied prod. 6 2 8  29 
I  
2S(ex.-aluminum part of 2819) 
Other nondurable goods 7 2 1 , 2 6 , 2 9 - 3 1  2 5 , 2 7 , 3 0  
3 1 , 3 2  
2 1 , 2 6 , 2 9 - 3 1  
Furn.,and lumber and 
wood prod. 8 2 4 , 2 5  1 2 , 1 3  2 4 , 2 5  
Pri. and fab. metals 9 3 3 , 3 4 , 1 9 ( e x .  1 9 4 )  1 1 , 1 5 , 1 6 , 1 7  1 9 , 3 4 , 3 3 1 , 3 3 2 , 3 3 9 1 , 3 3 9 9 , 3 3 3 - 3 3 6 ;  
2819 (alumina only) 
Mach. except clectrical 10 3 5  18 35 
Elec. mach, equip,and 
sU p p iies 11 36 19 35 
Other durable goods 12 1 9 4 , 3 2 , 3 7 , 3 8  ,39 1 4 , 2 0 , 2 1 ,  
2 2 , 2 3  
3 2 , 3 7 , 3 8 , 3 9 ( e x .  3 9 9 2 )  
Transportation 13 40-42, 4^1-47 5 4 0 - 4 2, 44-47 
Comm. and pub. util. 14 48,49 6,7 4 8 , 4 9  
Trade 15 50,52-59 8 5 0 , 5 2 - 5 9 ,  p a r t  7 3 9 9  
Finance, ins, and real 
estate 16 6 0 - 6 7  9 60-67 (ex. 6541), part 6561 
Services 17 7  0 , 7 2  , 7  3 , 7 5 -
8 4 , 8 6 , 8 8 , 8 9  
8 2 ,  10 7 0 , 7 2 , 7 5 - 8 2 , 8 4 , 8 6 , 8 9 , 6 5 4 1 , 7 3  ( e ;  
7 391 and part 7 37 9) 
^Source: (49). 
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XI. APPENDIX G.. DATA DERIVATIONS 
A. Determination of Average Number of Children (0-13 in age) 
Per Individual in the 14-19, 20-24, 25-44, and 45-64 Age Groups 1 
1. Constant 1960 birth rates 
Age class 
,14-19 
20-24 
2 5 - 4 4  
45-64 
Children born 
per 1,000 
Births per while in 
1,000 per present age 
year (1960) class 
3 2 . 2  
124.0 
49.2 
.1203 
193.2 
620.0 
984.0 
2.4 
Children born 
per average 
1,000 popula­
tion during 
past 13 years 
U6.6  
5 0 3 . 2  
864.0 
50.4 
Children born 
per average 
individual 
during past 
13 years 
. 0 9 6 6  
. 5 0 3 2  
. 8 6 4 0  
.1488 
"(14-19) : 
There were 32.2 births per 1,000 population per year in 1960 for the 14 
to 19 age group. Thus, (32.2)-(6) equals 193.2 births per 1,000 population 
during their 6 years in the 14 to 19 age group. Now assume an equal number 
of people at each age within the 14 to 19 group. Then the average person 
in the group has an age midway in the age spread, i.e., 16.5 years. Thus, 
1,000 average 16.5 year-olds had 193.2/2 = 96.6 children during the past 
3 years. Since no births are considered for people under 14, the children 
born per average individual in the 14 to 19 age group during the past 13 
years is .0966. 
1 
The procedure used in determining the average number of children per 
individual is the same as that used in the Susquehanna study (26). The pro­
cedure is not, however, discussed in that study. Thus, details of the pro­
cedure were obtained through correspondence with Seymour Goldstone, a con­
tributor to the Susquehanna study. Goldstone, Seymour, Battelle Memorial 
Institute, Columbus, Ohio. Private communication. June, 1968. 
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(20-24): 
There were 124 births per 1,000 population per year in 1960 for the 2 0-
24 age group. Thus, (124).(5) equals 62 0 births per 1,000 population 
during their 5 years in the 20 to 24 age group. Now assume an equal number 
of people at each age within the 2 0 to 24 age group. Then the average per­
son in the group has an age midway in the age spread, i.e. 22.5 years and 
1,000 average 22.5-year-olds had 62 0/2 = 310 children during the 
past 2.5 years 
1,000 average 22.5-year-olds had 193.2 children during the pre­
ceding 6 years. 
Therefore, 1,000 average 22.5-year-olds have 503.2 children uiider 13 
years of age. The children born per average individual in the 20 to 24 
age group during the past 13 years is .5032. 
(25-44): 
There were 49.2 births per 1,000 population per year in 1960 for the 
25 to 44 age group. Thus, (49.2)*(20) equals 984 births per 1,000 popula­
tion during their 2 0 year stay in the 2 5 to 44 age group. Nov; assume an 
equal number of people at each age within the 2 5 to 44 age group. Then the 
average person in the group is 35 years old and 
1,000 average 35-year-olds had 984/2 = 492 children during the past 
10 years 
1,000 average 35 year-olds had (62 0)*(3/5) = 372 children during the 
preceding 3 years. 
Therefore, 1,000 average 35-year-olds have 864 children undt.-r 13 years 
of age. The children born per average individual in the 25 to 4'i- age group 
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during the past 13 years is .8640. 
(45-64); 
There were .1203 births per 1,000 population per year iri 1960 for the 
45 to 64 age group. Thus, (.1203)*(20) equals 2.4 births per 1,000 popu­
lation during the 2 0 years in the 45 to 64 age group. Now assume an equal 
number of people at each age within the 45 to 64 age group. Then the av­
erage person is 55 years old and 
1,000 average 55-year-olds had 2.4/2 = 1.2 children during the past 
10 years 
1,000 average 55-year-olds had (984)-(3/2 0) = 147.6 children during 
the preceding 3 years. 
Therefore, 1,000 average 55-year-olds have 148.8 children under 13 
years of age. The children born per average individual in the 45 to 64 
age group during the past 13 years is .1488. 
2. Increasing birth rates (1950-1960 regional trends) 
Births per 1,000 Children born Children born Children born 
per year (average per 1,000 while per average per average 
of 1960 and pro- in present age 1,000 popu- individual 
Age class jected 1980 birth class lation during during past 
rates past 13 years 13 years 
14-19 36.7 220.2 110.1 .1101 
20-24 168.0 840.0 640.2 .6402 
25-45 50.7 1,014.0 1,005.0 1.0050 
45-64 .1248 2.5 153.3 .1533 
The children born per average individual during the past 13 years for 
the four relevant age groups are calculated in the same manner as shown above 
for the constant birth rate case. 
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3." Declining birth rates (1960-1965 regional trends) 
Births per 1,000 Children born Children born Children born 
per year (aver- per 1,000 per average per average 
age of 1960 and while in 1,000 popula- individual 
Age class 1965 birth rates) present age tion during during past 
class past 13 years 13 years 
14-19 28.8 172.8 86.4 .0864 
20-24 107.3 536.5 441.1 .4411 
25-44 43.7 874.0 758.9 .7589 
45-64 .1517 1.5 132.6 .1326 
The children born per average individual during the past 13 years for 
the four relevant age groups are also calculated in the same manner as shown 
above for the constant birth rate case. 
B. Derivation of Output Per Worker Values for Certain 
Industrial Sectors 
Agriculture—The value of agricultural output was derived directly 
from area data. The 1964 Census of Agriculture (70, pp. 252-263) shows 
that the value of all family products sold by all classes of farm in the — 
area was $200,279,488 in 1960 and $171,159,492 in 1959. The annual rate of 
change from 1959 to 1960 in the value of farm products sold in the area was 
$5,823,999. Thus, the 1960 value of all farm sold in the area was esti­
mated to be $17 6,983,491. Table III.l shows the area employment in agricul­
ture in 1960 was 16,847. Thus, the output per worker in agriculture in the 
area in 1960 was $10,505. 
Food and Kindred Products--The output per worker for this sector is 
found by combining three of Maki's (47, p. 30) sectors (meat products, 
dairy and grain mill products, and other food products). The output per 
worker in 1954 for these sectors was: meat products - $45,972, dairy and 
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grain mill products - $35,146, and other food products - $17,743. Data 
for 1960 (66, pp. 54-57, 63-64) indicate that 87 per cent of the employ­
ment in food and kindred products was in Story and Polk counties. Data 
in the 1959 County Business Patterns (66, pp. 54-57, 63-64) further indi­
cate that approximately 33.9 per cent of the employment in food and 
kindred products in these two counties was in meat products (thus, 33.9 
per cent of $45,972), 35.5 per cent was in dairy and grain mill products 
(thus, 35.5 per cent of $35,156), and 30.6 per cent was in other food prod­
ucts (thus, 30.6 per cent of $17,743). A weight average of these three 
sums gives an estimate of $33,491. Based upon Maki's projections of annual 
rate of change in output per worker, all three sectors had a 3.1 per cent 
annual rate of change. Thus, the 1954 estimate of $33,491 was adjusted up 
to a 1960 output per"worker of $40,233. 
Textile Products and Other Nondurable Goods—Maki includes textiles, 
apparel, paper, leather products, petroleum, and rubber in other nondurable 
goods. The present study breaks textiles out of this broad category. It 
was assumed that the output per man in textile products is similar to the 
output per worker for the more general category, other nondurable goods. 
Thus, an output per worker of $8,769 in 1954 was used for both sectors. 
With an annual rate of increase of 3.1 per cent for both sectors, the 1960 
output per worker in both sectors was $10,532» 
Furniture and Lumber and Wood Products--This sector (furniture, and 
lumber and wood products) includes S.I.C. numbers 24 and 25. Maki (47, 
p. 30) uses a sector called building materials, which not only includes 
S.I.C. numbers 24 and 25 but also 32 (stone, clay and glass products). 
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It will be assumed that the deletion of S.I.C. 32 from this sector does 
not greatly alter the output per worker for the remainder of the sector. 
Thus, the output per worker in furniture, and lumber and wood products was 
assumed to be $11,422 in 1954 with an annual rate of increase of 3.3 per 
cent, for a 1960 value of $13,877. 
Machinery, except Electrical--The output per worker for this sector 
is found by combining two of Maki's (47, p. 30) sectors (farm machinery 
and equipment and other machinery, except electrical). The output per 
worker in 1954 for these sectors was: farm machinery and equipment— 
$14,585, and other machinery, except electrical—$13,584. Data for 1960, 
(66, pp. 54-57) indicate that 87 per cent of the employment in machinery, 
except electrical was in Polk County. Data in the 1959 County Business 
Patterns (66, pp. 54-57) further indicate that 88 per cent of the employ­
ment in this sector in Polk County was in farm machinery and equipment (thus, 
88 per"cent of $14,585) and 14 per cent was in other machinery, except 
electrical (thus, 14 per cent of $13,584). A weighted average of the two 
sums gives an estimate of $14,686. Maki projected the output per man to in­
crease by 3.3 per cent per year for both sectors. Thus, the 1954 estimate 
of $14,686 was adjusted up to a 1960 output per worker of $17,552. 
Other Durable Goods—The primary difference between the other durable 
goods sector as used in this study and as used by Maki (47, p. 30) is that 
the present study includes S.I.C. 32 (stone, clay and glass products) in 
other durable goods and Maki did not. As will be recalled, Maki included 
S.I.C. 32 in building materials. When removing S.I.C. 32 from building 
materials (see above discussion) to obtain furniture, and lumber and wood 
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products, it was assumed that the output per worker in S.I.C. 32 was simi­
lar to that for the general category of building materials, or $11,422. 
The output per worker for other durables as considered by Maki was $10,647 
or only slightly smaller than the output per worker assumed for S.I.C. 
32 (stone, clay, and glass products). Thus, the output per worker figure 
estimated by Maki for other durable goods will be used in this study with­
out alternation. The annual rate of change in output per worker was fore­
cast as 3.3 per cent for both building materials and other durable goods. 
Thus, an estimate of $12,936 as the output per worker in other durable goods 
in 1960 was used. 
C. Derivation of Trends in Net Exports by Industrial 
Sector —-—• 
The input-output model for the regions showed that six of seventeen 
industrial sectors were net exporters. Trends in net exports for each of 
these seven sectors are calculated in terms of an annual rate of change. 
Agriculture--Barnard and Maki (6, p. 58) have projected the level of 
net exports for the agricultural sector to 1974 for the state of Iowa. 
Their projections show an annual increase in net exports for this sector 
of 2.06 per cent. It was assumed that net agricultural exports for the 
study region would increase at the same rate as for the state. 
Food and Kindred Products--The annual rate of increase in net exports 
for the food and kindred products sector was calculated in the same manner 
as for the agricultural sector. The derived annual rate of increase was 
4.27 per cent. 
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Finance, Insurance and Real Estate—The annual rate of increase in 
net exports for this sector was calculated in the same manner as for the 
previous two sectors. The derived annual rate of increase was 3.67 per 
cent. 
Printing and Publishing—Net exports for the printing and publishing 
sector are based upon trade between the area and the state. Thus, the as­
sumption was made that net exports for the printing and publishing sector 
would increase at the same rate as the Iowa population. Doerflinger and 
Klimek (16) project an annual increase of .43 per cent in Iowa's population 
from 1960 to 1975. 
Communications and Public Utilities—The trend in net exports for this 
sector was calculated in the same manner as for printing and publishing. 
Thus, the annual rate of increase is .43 per cent. 
Services--The trend in net exports for this sector was calculated in 
the same manner as for the previous two sectors. Thus, the annual rate of 
increase in net exports for this sector is .43 per cent. 
Trade--Net exports for the trade sectors are based upon trade between 
the region and the Midwest. Thus, the assumption was made that net exports 
for the trade sector would increase at the same rate as population growth 
in the Midwest. Estimates by the National Planning Association (55) indi­
cate that the annual rate of growth in the Midwest's population from 1962 tO 
1975 will be approximately 1.3 per cent. 
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D. Derivation of Trends in Per Capita Household Purchases 
by Industrial Sector 
The trend in per capita household purchases in the region are for the 
most part based upon estimates for the state of Iowa by Barnard and Maki 
(6, pp. 58-59). There were three steps in arriving at the average annual 
rates of change: (1) Adjust the projected 1974 dollar demand (which Barnard 
and Maki have given in constant 1954 dollars) to 1960 dollars. (2) Calcu­
late a per capita consumption rate for each sector for 1974 by using pro­
jected population for the state of Iowa. (3) Obtain the difference be­
tween the 1974 per capita rate of consumption and the 1960 rate, and then 
determine the annual rate of change. 
The annual rates of change in per capita household expenditures for 
the 17 sectors are as follows: agriculture (-.047 0), construction, and 
mining (.0141)^ food and kindred products (.0242), textile products (.0637), 
printing and publishing (.0395), chemicals and allied products (.0757), 
other durable goods (.0643), furniture, and lumber and wood products 
(.0420), primary and fabricated metals (0), machinery, except electrical 
(0), electrical machinery, equipment, and supplies (.1182), other durable 
goods (.2 697), transportation (.0001), communications and public utilities 
(-0586), trade (.0169), finance, insurance, and real estate (0.656), and 
services (.0189). 
^Trend for the construction and mining sector is based upon Barnard's 
work in 1960 and his projections to 1980 (4, pp. 57-58, 7 6). 
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E. Derivation of Trends in Per Capita State and Local Govern­
ment Purchases by Industrial Sector 
The trend in per capita state and local government purchases in the 
region are for the most part based upon estimates for the state of Iowa by 
Barnard and Maki (6, pp. 58-59) as in the case of household purchases. The 
steps in arriving at the annual rates of change are the same as discussed 
above for household purchases. 
The annual rates of change in per capita state and local government 
purchases for the 17 industrial sectors are as follows: agriculture (.1022), 
construction and mining (.0375), food and kindred products (.0378), textile 
products (.0357); printing and publishing (.0375), chemicals and allied 
products (.0000), other durable goods (.0357), furniture, and lumber and 
wood products (.0219), primary and fabricated metals (.0380), machinery, ex­
cept electrical (.037 6), electrical machinery, equipment, and supplies 
(.0376), other durable goods (.0391), transportation (.0376), communications 
and public utilities (.0378), trade (.0336), finance, insurance, and real 
estate, (.0377), and services (.0377). 
F. Derivation of Trends in Per Capita Federal Government Purchases 
by Industrial Sector 
The trends in per capita federal government purchases in the region 
are determined in the same manner as discussed above for households and 
state and local government. 
The input-output model for the region (Table III.3) showed that the 
federal government purchases output from only 6 industrial sectors in the 
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region. The annual rates of change in per capita federal purchases for 
these sectors are: construction and mining (.0610), transportation (.0619), 
communications and public utilities (.0604), trade (.0535), finance, 
insurance, and real estate (.0616), and services (.0614). 
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XII. APPENDIX D. REGRESSION ANALYSIS OF MIGRATION 
Table XII.1. State economic areas used in migration regression analysis 
Iowa 
Area 1 
Area 2 
Area 3 
Area 4 
Area 5 
Area 6 
Area A 
Area B 
Area C 
Area D 
Area E 
Area F 
Minnesota 
Area 2 
Area 3 
Area 4 
Area 5 
Area A 
Area B 
II1inois 
Area 1 
Area 2 
Area 3 
Area 4 
Area 5 
Area 6 
Area S 
Area 10 
Area 11 
Area A 
Area B 
Area C 
Area D 
Area E 
Area F 
Area G 
Michigan 
Area 1 
Wiscons in 
Area 1 
Area 2 
Area 3 
Area 5 
Area 7 
Area 8 
Area A 
Area B 
Area C 
Area D 
Area E 
Area F 
Nebraska 
Area 3 
Area 4 
Area 5 
Area A 
Area B 
South Dakota 
Mis souri 
Area 2 
Area 3 
Area 4 
Area A 
Area B 
Area G 
Kansas Area 3 
4 
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Table XII.2. Net migration rate as a function of the unemployment 
rate ^  
Ni Functional form: net migration rate (—) = + b^ (unemployment rate) 
A^ b^ Standârd error 
Age group (S) (S) T of estimate 
14-19^ 0.02 
(0.03) 
-0.01 
(0.006) -2.02** (0.10) 0.05 
2 0-24 -0.04 
(0.09) 
-0.03 
(0.02) -1.58* (0.03) 0.04 
2 5-44 -0.01 
(0.02) 
-0.02 
(0.004) -0.56 (0.07) 0.005 
45-64 -0.002 
(0.01) 
-0.003 
(0.003) -1.16 (0.04) 0.02 
65+ 
-0.005 -0.001 
(-0.007)(0.001) rO.98 (0.02) 0.02 
^Based upon a sample of 60 state economic areas in the midwest. 
= standard error of the regression coefficient estimate immediately 
above; T = ratio of variances^for testing the hypothesis that the regression 
coefficient bj equals zero; R = coefficient of determination, 
^The census data used a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 age 
group was homogenously distributed by age. Fourteen year-olds were then 
added to the 15-19 group. 
^Significant at 2 0 per cent level, here and throughout other tables. 
^^Significant at 5 percent level, here and throughout other tables. 
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Table XII.3. In-migration rate as a function of the unemployment rate^ 
Functional form: 
Ni 
In-migration rate (p^) = Ar 
(unemployment rate. 
!+b2 
Age group 
A2 
(S)0 
b2 
(S) T 
Standard error 
of estimate 
14-19^ 0.02 
(0.02) 
— 0.01 
(0.004) -2.52* (0.06) 0.10 
20-24 0.03 
(0.04) 
-0.004 
(0.007) -0.60 (0.01) 0.006 
2 5-44 0.02 
(0.02) 
-0.006 
(0.005) -1.18 (0.07) 0.02 
45-64 0.07 
(0.03) 
0.002 
(0.006) 0.30 (0.08) 0.002 
65+ 0.06 
(0.007) 
-0.0005 
(0.002) -0.33 (0.02) 0.0(% 
^Based upon a sample of 60 state economic areas in the midwest. 
= standard error of the regression coefficient estimate immediately 
above; T = ratio of variances for testing the hypothesis that the regression 
coefficient b2 equals zero; = the coefficient of determination. 
^ The census data used a 10-14 and 15-19 breakdown for migration, 
rather than a 14-19 breakdown. It was assumed that migration in the 10-14 
group was homogeneously distributed by age. Fourteen year-olds were then 
added to' the 15-19 group. 
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XII.4. Out-migration rate as a function of the unemployment rate^ 
Functional form: Out-migration rate = A3 + b3 (unemployment rate) 
Age group 
A-5 
(s:p 
b3 
(S) T 
Standard error 
of estimate R2 
14-19c 0.02 
(0.02) 
0.002 
(0.004) 0.49 (0.06) 0.004 
20-24 0.04 
(0.07) 
0.02 
(0.01) 1.29 (0.02) 0.03 
25-44 0.02 
(0.03) 
-0.004 
(0.007) -0.65 (0.01) 0.007 
45-64 0.07 
(0.04) 
0.006 
(0.007) 0.78 (0.01) 0.01 
65+ 0.06 
(0.006) 
0.0008 
(0.001) 0.72 (0.02) 0.009 
^Based upon a sample of 60 state economic areas in the midwest. 
t>s = standard error of the regression coefficient estimate ' immediately 
above; T - ratio of variances for testing the hypothesis that the regression 
coefficient b^ equals zero; = coefficient of determination. 
The census data med a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 group 
was homogeneously distributed by age. Fourteen-year-olds were then added 
to the 15-19 group. 
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Table Xil.5. In-migration as a function of the reciprocal of the unem­
ployment rata^ 
Functional form:^ In-migration = + b^ (reciprocal of the 
unemployment rate) 
A 4 b4 
Age group (S)c (S) 
Standard error 
of estimate R 
14-19" 4,506 
(3,004) 
741 
(10,849) 0.07 (7,498) 0.001 
20-24 5,987 
(4,356) 
-407 
(15,735) -0.02 (10,875) 0.001 
2 5-44 
45-64 
15,589 
(9,554) 
5,292 
(2,699) 
-5,835 
(34,507) 
-3,029 
(9,747) 
-0.17 
0.31 
(23,849) 0.001 
(6,737) 0.002 
65-1 2,070 
(816) 
-1,071 
(2,946) -0.36 2,036 0.002 
Based upon a sample of 60 state economic areas in the midwest. 
^This functional form was used to determine the extent of a nonlinear 
relationship between unemployment and in-migration. A reciprocal trans­
formation was used to test the assumption of an asymptotic level of in-
migration, where A^ of the form I - A4-i-b4(l/u) is an estimate of the 
asymptotic level. For this form, the slope is everywhere negative and de­
creases in absolute value as u increases, and as u->-0, and as 
I->- A4. [See: (39, p. 49)]= As can be seen from the above negative bg 
coefficients, this functional form did not give satisfactory results. 
= standard error of the regression, coefficient estimate immediately 
above; F = ratio of variances for testing the hypothesis that the regres­
sion coefficient b4 equals zero; R = coefficient of determination. 
The census data used a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 group 
was homogeneously distributed by age. Fourteen-year-olds were then added 
to the 15-19 group. 
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Table XII.6. Out-migration as a function of the reciprocal of the 
unemployment rate 
Functional form:^ Out-migration = A5- (reciprocal of the unemployment 
rate) 
. A5 b g Standard error 
Age group (S)C (S) T • of estimate 
14-19^ 
20-24 
25-44 
45-64 
65 +  
6,456 
(2,989) 
-5,036 
(10,7 96) -0.47 (7,462) 0. 0
 
0
 
7,779 
(3,560) 
-4,375 
(12,859) -0.34 (8,887) 0, 
0
 
0
 
17,308 
(10,034) 
-7,223 
(36,240) -0.20 (25,047 0. 001 
7,427 
(4,325) 
-6,235 
(15,620) -0.40 (10,795) 0. 003 
3,479 
(2,299) 
-3,113 
(8,305) -0.37 (5,740) 0. ,002 
^Based upon a sample of 60 state economic areas in the midwest-
^This functional form was used to determine the extent of a nonlinear 
relationship between unemployment and out-migration. A reciprocal trans­
formation was used to test the assumption of an asymptotic level of out-
migration, where A7 of the form 0 = Ay-byCl/u) is an estimate of the 
asymptotic level. For this form, the slope is everywhere positive and de­
creases in absolute value as u increases and as u-^-'^a, 0 Ay. [See: (39, 
p. 49)].  
^S = standard error of the regression coefficient estimate immediately 
•above; F = ratio of variances for testing the hypothesis that the regression 
coefficient by equals zero; R = coefficient of determination. 
^The census data used a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 group was 
homogeneously distributed by age. Fourteen-year-olds were then added to the 
15-19 group. 
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Table XII.7. In-migration as a function of the unemployment rate and 
population^ 
Functional form : In-migration = *6 + bç (unemployment rate)+ cg 
(population) 
Age 
group 
A6 
(S) .  
bo 
(S) T 
Cl 
(8) 
Standard error 
T of estimate 
Total^ 
F 
14-19c 217 
(1,522) 
. -211 
(359) .37 
0.01 
(0.003) 3.93** (1,032) 0.64 8.03* 
20-24 -901 
(1,387) 
79 
(328) 0.24 
0.04 
(0.005 7.61** 954 0.87 30.31** 
25-44 2,220 
(2,961) 
-382 
(670) -0.57 
0.014 
(0.002) 5.82** (1,907) 0.82 20.11** 
45-64 1,266 
(823) 
-101 
(191) -0.53 
0.04 
(0.007) 5.88** (541) 0.82 20.60** 
65+ 400 
(283) 
-27 
(67) -0.41 
0.03 
(0.004) 9.34** (189) 0.92 50.86** 
^Based upon sample of 12 state economic areas in Iowa. 
^Total F is the ratio of variances for testing the hypothesis that all 
the regression coefficients simultaneously equals zero. R , the coefficient 
of determination, is the square of the multiple correlation coefficient and 
shows the percent of the total variation in the dependent variable ex­
plained by changes in the independent variables. S is the standard error 
of the regression coefficient estimate immediately above; T is the ratio 
of variances for testing the hypothesis that the regression coefficient equals 
zero. (Here and throughout remaining tables.) 
^The census data used a 10-14 and 15-19 breakdown for migration, rather 
•'• •than a 14-19 breakdown. It was assumed that migration' in the 10-14 age group 
was homogeneously distributed by age. Fourteen-year-olds were then added 
to the 15-19 group. 
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Table XII.8. Out-migration as a function of the unemployment rate and 
population^ 
Functional form: Out-migration - Ay + by (unemployment rate) + Cy 
(population) 
Age 
group 
A? 
CS) 
b? 
(S) T 
c,7 
(S) 
Standard error 
T of estimate 
Totalb 
F 
I4-I9C 904 
(1,814) 
-84 
(428) -0.20 
0.01 
(0.004) 4.20** (1,230) 0.68 9.66* 
20-24 2,031 
(3,343) 
389 
(789) -0.49 
0.04 
(0.011) 3.56** (2,298) 0.62 7.31* 
25-44 -883 
(2,151) 
96 
(486) -0.20 
0.02 
(0.002) 12.55** (1,385) 0.95 50.32** 
45-64 867 
(882) 
-80 
(204) -0.39 
0.07 
(0.007) 9.36** (580) 0.92 54.78** 
65 + 493 
(387) 
-32 
(91) -0.35 
0.05 
(0.006) 9.12** (258) 0.91 48.22** 
^Based upon a sample of 12 state economic areas in Iowa. 
^Total F is the ratio of variances for testing the hypothesis that all 
the regression coefficients simultaneously equals zero. , the coeffi­
cient of determination, is the square of the multiple correlation coeffi­
cient and shows the percent of the total variation in the dependent variable 
explained by changes in the independent variables. S is the standard error 
of the regression coefficient estimate immediately above; T is the ratio of 
variances for testing the hypothesis that the regression coefficient equals 
zero -
c 
The census data used a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 age 
group was homogeneously distributed by age. Fourteen-year-olds were than 
added to the 15-19 group. 
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Table XII.9. In-migration as a function of the unemployment rate and the 
civilian labor force^ 
Functional form: In-migration = Ag + bg (unemployment rate) + Cg (civilian 
labor force) 
Age 
group 
A 8 bg 
(S)b (S) 
c 8 
(S) 
Standard error Total 
T of estimate R F 
14-19 2,547 -225 
(651) (132) 
0.02 
-1.71*(0.0007) 27.32** (2,003) 0.93 378** 
20-24 2,365 -233 
(1,014) (205) 
0.03 
-1.14 (0.001) 25.34** (3,119) 0.92 324** 
25-44 5,252 -313 
(1,628) (329) 
0.07 
-0.95 (0.002) 35.37** (5,008) 0.96 629** 
45-64 1/ 
(480) 
-60 0.02 
(97) -0.62 (0.0006) 33.84** (1,478) 0.95 575** 
65+ 1,090 -31 0.005 
(230) (46) -0.66 (0.0003) 20.51** (708) 0.1 212** 
^Based upon a sample of 60 state economic areas in the midwest. 
^Total F = the ratio of variances for testing the hypothesis that all 
the regression coefficients simultaneously equal zero; R = coefficient of 
determination; 3 = standard error of the regression coefficient estimate 
immediately above; T = ratio of variances for testing the hypothesis that 
the regression coefficient equals zero. 
^'The census data used a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 group 
was homogeneously distributed by age. Fourteen-year-olds were then added 
to the 15-19 group. 
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Table XII.10. Out-migration as a function of the unemployment rate and 
the civilian labor force^ 
Functional form: Out-migration = Ag + bg (unemployment rate) +  c g  
(civilian labor force) 
Age 
group 
A 9 
(S) 
bg 
(S) T 
C9 
(S) 
Standard error 
T of estimate 
Total 
pb 
14-19c 1,815 
(405) 
21.6 
(82) 0.26 
0.02 
(0.0005) 45.05** (1,245) 0.97 1,017** 
20-24 2,936 
(674) 
-20.0 
(136) -0,15 
0,02 
(0.0008) 31.75** (2 ,  073) 0.95 505** 
2 5-44 6,022 .  
(1,666) 
-300 
(33 7) -0.89 
0.07 
(0.002) 36.3 5** (5,127) 0.96 5,127** 
45-64 933 
(477) 
39 
(96) 0.40 
0.03 
(0.0005) 55.55** (1,467) 0.98 1,546** 
65-i- -18 
(194) 
40 
(39) 1.04 
0.02 
(0.0002) 73.01** (595) 0.99 2,668** 
Based upon a sample of oO state economic areas in the midwest. " 
^Total F = the ratio of variances for testing the hypothesis that all 
the regression coefficients simultaneously equal zero; R"^ = coefficient of 
determination; S = standard error of the regression coefficient immediately 
above; T = the ratio of variances for testing the hypothesis that the re­
gression coefficient equals zero. 
The census data used a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 group 
was homogeneously distributed by age. Fourteen-year-olds were then added 
to the 15-19 group. 
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Table XII.11. Net migration as a function of the unemployment rate and 
the labor force for the relevant age groupé 
Functional form: Net migration = A^Q+b^g (unemployment rate) + c^g 
(labor force for relevant age 
group) 
Age 
group 
AlO 
(S) 
blO 
(S) T 
CIO 
(S) T 
Standard error 
of estimate 
Total 
F b 
14-19 ^  683 
(708) 
-3 45 
(142) -1. 72* 
-0. 
(0. 
003 
012) -0 .28 (2,164) 0.05 1 
2 0-24 -406 
(1,056) 
-23 9 
(213) -1. 12 
0. 
(0. 
06 
013) 4 .  50**(3,23 7) 0,28 11* 
2 5-44 814 
(1,254) 
-12 
(2 54) -0. ,05 
0. 
(0, 
07 
003) -2 .31* (3,866) 0.08 3* 
45-64 900 
(474) 
-87 
(96) 
-0, .91 •• 0. 
(0, 
03 
,002 21 .67**11,461) 0.89 23 5** 
65+ 1,241 
(333) 
-15 
(67) -0, 24 
-0. 
(0. 
02 
,008) -28 .01**(1,021) 0.93 3 92** 
a 
Based upon a sample of 50 state economic areas in the midwest. 
°Total F = the ratio of variances for testing the hyoothesis that all 
the regression coefficients simultaneously equal zero; = coefficient of 
determination; S = standard error of the regression coefficient immediately 
above; T = the ratio of variance for testing the hypothesis that the re­
gression coefficient equals zero. 
^The census data used a 10-14 and 15-19 breakdown for migration, rathe: 
than a 14-19 breakdown. It was assumed that migration in the 10-14 group 
was homogeneously distributed by age. Fourteen-year-olds were then added 
to the 15-19 group. 
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Table XII.12. Net migration rates as a function of the unemployment rate 
and the reciprocal of the population for the relevant age 
group 
Functional form: Out-migration = (unemployment rate) + C]_% (recipro­
cal of population for relevant age 
groups) 
Age A]_]_ ^11 Standard error Total 
group (S) (S) T (S) T of estimate F 
-2 78 
-608 
(0.090) (0.017 -1.59 (2 72) -2.23* (0.02G) 0.12 3.82* 
-175 
(0.023) (0.004) -0.54 (310) -0.57 (0.068) 0.01 0.32 
-431 
(0.011) (0.002) -1.12 (89) -4.83** (0.035) 0.31 12.60** 
-3 7 
(0.007) (0.001) -0.98 (44) -0.84 (0.021) 0.03 0.83 
14-19c 0. 040 -0. 013 
(0. 032) <0. 006) 
20-24 0. 028 -0 .  028 
.  0 . 
2 5-44 -0. 007 -0. 002 
(  0 . 0
45-64 0. ,019 -0. ,002 
(  , (  ,0
65+ 
-0. ,003 -0. ,001 
(  . CO  ,
^Based upon a sample of 60 state economic areas in the midwest. 
^Total F = the ratio of variances for testing the hypothesis that all 
the regression coefficients' simultaneously equal zero; = coefficient of 
determination; S = standard error of the regression coefficient immediately 
above; T = the ratio of variance for testing the hypothesis that the re­
gression coefficient equals zero. 
^The census data used a 10-14 and 15-19 breakdown for migration, rather 
than a 14-19 breakdown. It was assumed that migration in the 10-14 group 
was homogeneously distributed by age. Fourteen-year-olds were then added 
to the 15-19 group. 
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XIII. APPENDIX E, THE MODEL ARRANGED IN A RECURSIVE SEQUENCE 
AND THE COMPUTER PROGRAM 
A. Equations for the Complete Economic Model Arranged 
in a Recursive Sequence 
(1) di = .  Tj 
i = 2 , ,6 
(2) (DR)^ = (DR)t_i + 
i  =  2 , , 6  
i = 2,...,6 
( 4 )  ( G I ) i  =  
t t— 1 ^ 
i  =  2  , , 6  
(5) (GO)t = 
i = 2 5 __ 
(6) (GO)^ = 0 
(7) r  = 2,547 -  225 (U^_^) + 0.02 [(ALF)^_^] 
(8) 0^ = 1,815 + 21.6 + 0.02 [(ALF)^_^] 
C9) Ig = 2.3 55 -  233 + 0.03 [(ALF)^_^] 
(10) 0^ = 2,935 -  20 + 0.02 [(ALF)^_;^] 
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(11) 
(12) 
(13) 
= 2,220 -  382 (Ut_i) + 0.14 (P^-l^ 
0^ = -883 + 95 (Ut_i) + 0.02 (P^-l^ 
t-1 
= .019 -  .002 (Ut_i) -  431 (-^ 
t-1 
(14)  
(15) N° = 1,241 -  16 (Ut_i) -  0.02 [(ALF)J 
(16) = l i  _ QÎ 
i = 2,3,4 
(17)  + Nt  (GI)t -  (GO)^ -  (GO) 
i — 2 , .. . , 6 
(18) = (DR)|^i - Ig 
(19)  (DR)t  = (DR)t_i  + 
(20) = (^ï: !^) .  (DR)1 
(21) 
( 2 2 )  
(GO)t = Pt_i/14 
= N, 
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(23) = CBR)J_^ • 
i  = 2 ,  — ,5 
(24) (BR)t = (BR)J_^ + qj  
i = 2 , ,5 
(25) 
i  = 2 ,  .  .  ,  , 5 
1 ^ i  (26) EU = Z (LB). 
1=2 
(27) 1 p: = ?t_i ®t *  »t (GO)J - I>1 
( 2 8 )  P^- = 
6 
(29) 4 = %t_l • *2 
j  = 1,. .  , ,  17 
(30) (KN)^ = - [K^ . A^'] 
j = 1, ... ,17 
(31) k^=Kt > 0 
j = 1,...,17 
(32) (CA)j = Y -
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(33) gj = (PCF)j_i '  
j  = 1,. .  .  , 17 
(34) (PCF)i = (PCF)^_^ + 
j = 1 17 
(3 5) = [(PCF)j .  (?%)]/(! ,000) 
j = 1, . . . , 17 
(36) mi = (PCSL)j^i  .  
j = 1, . . . , 17 
(3 7) (PCSL)^ = (PCSL)J_^ + mj 
j = 1 17 
(38) (SL)j = [(PCSL)j • (Pt)]/(1,000) 
j = 1, . - . , 17 
(39) r i  = (PCH)t_i '  Ty 
j = 1, . . - , 17 
(40) (PCH)^ = (PCR)j_^ + r j  
j = 1 17 
(41) nj  = [(PCH)j • (P^)]/C1,000) 
j = 1, .. . , 17 
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(«) ej = • T: 
j  =  1 , , 1 7  
(43) eJ = + el 
j  = 1,. .  .  , 17 
(44) zj  = + HJ + (SL) j  + + (CA) j  
j  = 1 17 
(45) = ( I-A)"l  .  
(46) = (OW)J_^ .  
3 = 1, ,17 
(47)  (OW)J =  (OW)^ ^ + Wt 
j = 1,.. . ,17 
i (48) (RLF): .  . [1.000] 
j  = 1, . . . ,17 
(49)  
(50)  
(RLF) = S (RLF)^ 
j=l  
= (LFPR)t_i • 
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(51) (LFPR)J = (LFPR)^_^ + 
i = 2 , ,6 
(52) (ALF)^ = P^ . (LFPR)t 
1 = 2 , ... ,5 
6 i  
(53) (ALF) c = Z (ALF)^ 
. 1 = 2  '  
(54) = ([(ALF)^ - (RLF)^]/(ALF)^) - (100) 
0 8 
B. Computer Program for Simulation Model 
Development planning model - Central Iowa: 
Dimension D(6),DR(6),DR(6),T3(6),CAPD(6),PS(6),GI(6),A1(6),G0(6),ZI(6), 
1Z0(6),ZN(6),P(6),Q(5),BR(5),T1(5),ZLB(5),CAPK(17), 
2X(17),A2(17),ZKN(17), A3(17),ZK(17),CAPKS(17),CA(17),G(17),PCF(17), 
3T9(17),CAPR(17),CAPF(17),ZM(17),PCSL(17),T8(17),CAPM(17),SL(17), 
4ZR(17),PCH(17),T9(17),CAPL(17),H(17),E(17),CAPE(17),T6(17),Z(17), 
5ZIA(17,17) ,W(17), Z0W(17),T5(17),RLF(17),F(6),ZLFPR(6) ,T4(6), 
6ALF(6),Y(17,17) 
C 
C Data input follows 
C 
Read(l,10)(DR(I), l=2,6),(T3(I), I=2,6),(PS(I), I=2,6),PS(l),(Al(I), I  
1=1,5),U,DR(1),T2,(0(I),1=2,5)(BR(I),1=2,5),(T1(I),I 
2=2,5),SUMPS,(X(I),1=1,17),(A2(I),1=1,17),(A3(I),1=1,17),(CAPKS(I), 
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3I=1,17),(PCFCI),I=1,17),(T9(I),I=1,17), 
4(PCSL(I) ,1=1,17) ,  (T8(I) , 1=1,17) , (PCli( I) ,1=1,1  
57),(T7(I),1=1,17),(CAPECI),1=1,17),(T6(I),1=1,17), 
6 (Z0W(I) ,I=1,17) , (T5(I) , I=1,17) , (ZLFPR(I  
7) ,1=2,6), (T4(I),1=2,6),((ZIA(I,J),J=1 ,17) ,1=1,17) ,  
8((Y(I,J),J=1,17),I=1,17) 
10 Format (5F10. V5F10.4/6F10.0/5F5.0, F5.0, F5.1, 2F10.4/4F10. V4F10. V 
14F5.0/7P10.0/7F10.0/4P10.0/2(2(7F10.4/ ) ,3P10.4/ ) ,2(2(7F10.0/ ) ,3P10 
2.0/) ,14F5.2/3F5.2/2C7F10.V) ,3F10.4/14F5.2/3F5.?/14F5 
3.4/3F5.4/2(7F10.2/),3F10.2/2(7F10,4),3F10,4/2(2(7F10 
4.0/),3 F10.0/),14F5.4/3 F5.4/14F5.0/3 F5.0/14F5,3/3 F5.3/5F5.4/5F10,4/ 
517C2<7F10.5/),3F10.5/),18(16F5,4/),F5 .4)  
SUMÀLF=176492. 
ALF(5)=102 93 . 
C 
C 
DO 100 IJK=1.20 
DO 20 1=2.6  
CI 
D(I)=DR(I)*T3(I) 
C2 
DR(I)=DR(I)fD(I)  
C3 
CAPD(I)=(PS(I) /1000.)*DR(I)  
J=I-1 
C4 
GI(I)=PS(J)/A1(J) 
20 Continue 
J=I+1 
05 
21 G0(I)=GI(J) 
Co 
G0(6)=0.0 
07 
ZI(2)=2 547.-U*225.+SUMALF*.02 
C8 
ZO(2)=1815.+U*21.5 +SUMALF*,02 
C9 
ZIC3)=23 65.-U*233 .+SI3%ALF*.03 
010 
Z0C3)=2 93 6.-U*20.+SUMALF*.02 
Cll 
ZIC4)=2220.-U*3S2 -+PR(4)*,014 
C12 
Z0C4)=-8S3.+U*96.+PS(4)* .02 
C13 
ZNP=.019-U*.002 -431,/PS(5) 
C14 
ZN(5)=ZNP*PS(5) 
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CIS 
ZN(6)=1241.-U*16.-ALF(6)*.02 
DO 2 5 1=2.4 
C16 
25 ZN(I)=ZI(I)-ZO(I) 
DO 30 1=2.6 
ei7 
3 0 P(I)=PS(I)+ZNCI)+GICI)-G0(I)-CAPD(I) 
CIS 
D(1)=DR(1)*T2 
C19 
DR(1)=DR(1)+D<1) 
C20 
CAPD(1)=(PS(1)/1000.)*DR(1) 
C21 
G0(1)=PS(1) /14.  
z;N(i)=o.o 
B=0.0 
DO 31 1=2.5 
C22 
ZN(1)=ZN(1)+C(I)*ZN(I) 
C23 
Q(I)=BR(I)*T1(I) 
C24 
BR(I)=BR(I)+Q(I) 
C2 5 
ZLB(I)=(PS(I)/1000,)-^BR(I) 
C26 
31 B=B + ZLB(I) 
C2 7 
P(1)=PS(1)+B+ZN(1)-G0(1)-CAPD(1) 
C28 
SUMP=P(1)+P(2)+P(3)+PC4)+PC5)+PC6) 
DO 40 J=l,17 
C29 
CAPK(J)=X(J)*A2(J)  
C30 
ZKN(J)=CAPK(J)-(CAPK(J)*A3(J))  
C31 
ZK(J)=CAPK(J)-CAPKS(J)  
IF (ZKCJ).LT.0.0) ZK(J)=0,0 
40 CONTINUE 
CINSERT ' 
DO 32 J=l,17 
32 CACJ)=0.0 
DO 33 1=1,17 
DO 33 J=l,17 
C32 
33 CACI)=CACI)+Y(I .J)*ZK(J) 
DO 34 J=l,17 
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C33 
C34 
C35 
C36 
C37 
C38 
C39 
C40 
C41 
C42 
C43 
C44 
C50 
C51 
C52 
C53 
G(J)=PCF(J)*T9(J) 
PCF(J)=PCF(J)+G(J) 
CAPF(J)=(PCF<J)*SUMP)/1000. 
ZM(J)=PCSL(J)*T8(J) 
PGSL(J)=PCSL(J)+ZM(J) 
SL(J)=(PCSL(J)*SUMP)/1000. 
ZR(J)=PCH(J)*T7(J) 
PCH(J)=PCH(J)+ZR(J) 
H(J)=(PCH(J)*SUMP)/1000. 
E(J)=CAPE(J)*T6(J) 
CAPECJ)=GAPE(J)+E(J) 
34 Z(J)=CAPE(J)+H(J)+SL(J)+GAPF(J)+CA(J) 
DO 41 1=1.:.7 
41 X(I)=0.0  
SUMRLF=0.0 
DO 43 1=1,17 
DO 42 J=l,17 
G45 
42 X(I)=X(I)+ZIA(I,J)*Z(J) 
C45 
W(I)=Z0W(I)*T5(I) 
G47 
ZOW(I)=ZOW(I)+W(I) 
C48 
RLF(I)=(X(I)/ZOW(I)i)n'000. 
G49 
43 SUM&LF=SUMaLF+RLF(I) 
SUMALF=0.0 
DO 50 1=2.6 
F(I)=ZLFPa(I)*T4(I) 
ZLFPR(I)=ZLFPR(I)+F(I) 
ALF(I)=P(I)*ZLFPR(I) 
50 SUMALF=SUMALF+ALFCI) 
225 
C54 
U=(100*(SUMALF-SUMRLF))/SUMALF 
IF (U.GT.8.0) U=8.0 
C 
C WRITE OUT RESULTS FOR YEAR 1960 + UK 
C 
WRITE(3.60) UK 
60 FORMAT('IRESULTS FOR YEAR 1960 PLUS ',12//' EQN'/) 
WRITE(3.51) (D(I),I=2,6),(DR(I),1=2,6),(CAPD(I),1=2,6),(GI(I),1=2, 
16),(G0(I), I=2,5) 
61 FORMATC l',5E15.8/' 2',5E15.8/ '  3',5E15.8/' 4', 
15E15.9/' 5',4E15.8) 
WRITE(3.62)(ZI(I),ZO(I),1=2,4),ZNP,ZN(5),ZN(6) 
62 FORMAT( ' 6',E15.8/' 7',E15.8/ '  8',E15.8/' 9',E15. 
18/'  10',E15.8/ '  ll',E15.8/' 12',E15.8/ '  13',E15.8/ '  
2 14»,E15.8) 
WRITE(3.63)(ZN(I),I=2,4),(P(I),I=2,6),D(l),DR(l),CAPD(l),GO(l) 
63 FORMAT( ' 16',3E15.8/ '  17',5E15.8/ '  18',E15.8/' 10', 
1E15.8/' 20',E15.8/' 21',E15.8) 
WRITEC3.64) ZN(1),(Q(I),1=2,5),(BR(I),1=2 
1.5),CZLB(I),1=2,5),B,P(1),SUMP 
64 FORMAT( '  24',E15.8/ '  25', 
14E15.S/' 26'.4E15.8/' 27',4E15.8/ '  28',E15.8/ '  29',  
2E15.8/ '  30',E15.8) 
WRITE(3.65)(CAPK(J),J=1,17),(ZKN(J),J=1,17),(ZK(J),J=1,17),(CA(J), 
IJ=1.17),(G(J),J=1,17),(PGF(J),J=1,17) 
65 FORMAT( ' 32',8E15.8/&X,8E15.8/6X,El5.8//' 33',8E15.8/6X,8E1 
15.8/ôX,E15.8// '  34',8E15.8/6X,8E15.8/6X,E15.8// '  35',8E15.8/ 
26X,8E15.8/ôX,E15.8//4X,'36',8E15.8/6X,8E15.8/6X,E15.8//4X,'37',8E1 
35.8/6X,8E15.8/6X,E15.8/) 
1 WRITE (3,66)(CAPF(J),J=1,17),(ZM(J),J=1,17),(PCSL(J),J=1,17), 
CSL(J),J=1,17),(ZR(J),J=1,17),(PCH(J),J=1,17) 
66 FORMAT( ' 39',8E15.8/6X,8E15.8/6X, E15.8//' 40',8E15.8/6X,8E1 
15.8/6X.E15.8//' 41',8E15.8/ÔX,8E15.8/6X,E15.S// 
2 4X,'43',8E15.8/6X,8E15.8/6X,E15.8//4X,'44',8E1 
35.8/6X,8E15.8/6X,E15.8//4X,'45',8E15.8/6X,8E15.8/6X,E15.8//) 
WRITE(3.Ô7)(H(J),J=1,17),(E(J),J=1,17),(CAPE(J),J=1,17),(Z(J),J=1, 
117),(X(K),I=l,17),(W(I),I=l,17),(ZOW(I),I=l,17),(RLF(I),I=l,17) 
67 FORMAT( '  47',8E15.8/6X,8E15.8/6X,E15.8//4X,'48',8E15.8/6X,SE15 
1.8/6X,E15.8//4X,'49',8E15.8/6X,8E15.8/6X,E15.8//4X,'50',8E15.8/6X, 
28E15.8/ôX,E15.8//4X,'51',8E15.8/6X,8E15.8/6X,E15.8//4X,'52',8E15.8 
3/6X,8E15.8/6X,E15.8//4X,'53',8E15.8/6X,8E15.8/6X,E15.8//4X, ' 54' ,BE 
415.8/6X,8el5.8/6X,E15.8/) 
WRITE (3,68) SUMRLF,(F(I),I=2,6),(ZLFPR(I),I=2,6),(ALFCI),I=2,6), 
ISUMALF,U 
68 FORMAT( ' 55',E15.8/4X,'56',5E15.8/4X, '57',5E15.8/4X,'58',5E15. 
18/4X,'59',E15.8/4X,'60',E15.8) 
C 
C 
G 
DO 75 1=1,6 
PS(I)=P(I) 
SUMPS=SUMP 
DO 76 1=1,17 
CAPKS(1)=CAPK(I) 
CONTINUE 
STOP 
END 
